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Preface

The computer code presented in this report is calied a
code for system survivability analysis. It is designed to
serve as a tpol for engineering studies of system survival
rather than operations analysis, though the latter interest
may be cerved as well.

The following analogy is given to define and clarify
the term "survivability code" as used in this report. As
the human body is vulnerable in varying degrees to many
diseases, so is the aerospace system vulnerable im varying
degrees to each of the nuclear effects. The survival of the
body is dependent partially on the intensity of exposure to
disease. Exposure levels are often related to the environment.
Similarly, survival of sysztems to the threat of nuclear
effects depends on the system vulnerability and on the threat
level. This code evaluates a rather special case of surviv-
abilify in which the survival determination is based on a
sure-kill vuinerability level and the computed threat level.

I hope that this program will help to emphasize the
individuality of each of the nuclear effects and the variation
in the relative importance of each, depending on the burst
and receciver positions.

I wish to thank Captain George Kuch and Mr. Alfred Sharp
of the Air Force Weapons Laboratory at Kirtland AFB for their

assistance in providing information on the thermal and blast
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effects., The guidance and suggestions of my thesis advisor,

Dr. Charles J. Bridgman, are alsc gratefully acknowledged.

Kobert 6. DeRasd
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Abstract

A computer code has been written to determine aerospace
system survivability to selected nuclear effects. A special
case of survivability is treated in which system survival is
vased on a comparison of the sure-kill vulnerability level
and the computed free field nuclear effects levels. The
code consists of two functional parts. One part is the
guiding program which conducts the survivability study; the
other part consists of individual subroutines which evaluate
free field nuclear environment levels. Subroutines have
baen included to evaluate the blast and thermal environments.
At a later date, sub- :atines will be added to evaluate the
effects levels fi«. :-ray, gamma ray, neutrons, and EMP. The
present code s capable of handling from one fo ten nuclear
bursts and up to 100 similar vehicles in a single program
run., Any type of system may be treated for which the effects
vulnerability levels are known. The code has been written in
the FORTRAN EXTENDED language for a CDC 6600 computer with a
scope 3.3 compiler. Central core memory required is approxi-
mately 40,000 octal words and run times are on the order of
seconds, A sample problem has been included to illustrate
the type of study that may be perfurmed and to demonstrate

the use of the program,
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CSSANE
L CODE FOR SYSTEM SURVIVABILITY

ANALYSIS - NUCLEAR EFFECTS

I. Introduction

The effects of a nuclear environment on aerospace
systems is an important factor in systems analysis. The
system, the threat, and the flight regime all entevr into the
analysis. Nuclear weapons are of special interest because
of the variety of effects that pose a threat. Additionally,
the relative importance of each threat varies with the burst
altitude and the flight regime.

The objective of this study was to develop a computer
code to evaluate the survivability of systems in a nuclear
environment. There are existing codes that include surviv-
ability analysis as part of an operations analysis investiga-
tion and therz are codes that evaluate the free field nuclear
effects levels without regard to system survivability. This
code conducts a "special case" survivability analysis for
systems which are undergoing a specified nuclear attack.

The code evaluates levels of selected nuclear effects and
evaluates system survival based on a comparison of those
levels to sure-kill vulnerability levels which are specified
by the user. Information furnished by the code includes the
relative level of the various «ffects in addition to surviv-

ability.

R L
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The computer program consists of a routine named GUIDE
which accepts data input and conducts the study, and a set of
subroutines that computes effects levels and evaluates the
survival of systems. Initially, subrottines have been
included to evaluate both blast and trermal environnecats.
This type of organization was chosen so that the program
could be easily expanded to include subroutines for x-ray,

gamma ray, neutrons, and EMP.

Chapter II of this report describes the computer program
in detail. The description includes capabilities, limita-
tions, and options available to the user. Chapter III
describes the treatment of blast erfects, the subroutine

for blast computations, and the capabilities of the sub-

Sede

routine. Similar information concerning thermal effects is
presented in Chapter IV. Chapter V presents the results and
conclusions including recommendations. A statistical model
for obtaining a normally distributed variable for targeting
purposes is presented in Appendix A. Appendix B includes

8 list of major program variables along with definitions

and the location whers each variable appears first in the
code. Appendix C coatains detailed instructions for making
the required data input. Appendix D is a source listing of

the complete code and Appendix L presents the input and

output of a sample problem.
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JI. The Survivability Analysis Code

A study of system survivability to nuclear effects is
a function of the system, the threat, and the flight regime.
A survivability analysis requires a knowledge of the vulnera-
bility of a system and of the threat level. Vulnerability
has been defined as the level of a specified effect that will
cause a finite degracdation in the capability of a system to
perform its mission. Survivability is defined as the
capability of a system to accomplish a specified micssion
while withstanding the cffects of a nuclear environment,
For the purposes of this study, system survivability is based
on a comparison of the computed threat levels to specified
“"sure-kill" vulnerability ievels,

A description of the code that was developed to perform
the survivability study is presented in this chapter. In
addition to the description, the capabilities, limitations,

options, data input, and the output of the code are discussed.

Description of the Computer Program

The code is named CSSANE, "A Code for Sirstam
Survivability Analysis - Nuclear Effects". It has leen
developed to provide a simple and easy-to-use method for
determining survivability of systems in a well defined nuclear
threat situation. This determination is based on sure-kill
vulnerability levels which are specified by the user for each
nuclear effect threat under consideration. The free field

nuclear effect environments are calculated in subroutines and
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cenparisons are then made to the specified vulnerability
.evels. This comparison results in a kill, no-kill decision.
This type of an analysis does not lend itself to operations
analysis but is rather intended as aa aid in engineering
studies of system survivability. |

The code consists of two functional parts. The main
program, GUIDE, controls or directs the survivability study
811 is one part. The second part of the program consists of
a set of individual subroutines which evaluate each nuclear
tireat level.

Data required by the code are entered in program GUIDE.
Thils includes the yield and the time of burst for one or more
nuclear detonations; the position in space and the velocity
voctors for one or more similar vehicles; and the vulnera-
bility lsvels of those vehicles to each of the nuclear
effects which are to be studied.

The burst locations, the incremental time to each
succeeding burst, the time-updated vehicle positions and
velocities, the vulnerabilities, and the slant ranges from
burst to vehicle position are meintained in GUIDE. In addi-
tion, the subroutines which evaluate the effects levels are
called from GUIDE.

Perhaps the best way to demonstrate the intended use of
the program and its capabilities is to illustrate a typical
aerospace system - nuclesr weapon encounter. A sketch which
describes the physiczl situation and most of the input

paramecters that are required is included as Fig. 1.
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Figure 1 describes a situation in which four similar
vehicles with common vulnerability numbers are subjected to
two separate nuclear bursts. Each of the vehicles has been
assigned initial x, y, z coordinates in an srbitrary, sea
level reference and velocity components at time T = 0. The
ground level and the maximum altitude of a uniform haze layer
over the earth must be specified. Both of these values may
be zero. A visibility factor in miles must be specified for
the haze cover,

The nuclear threat is provided by two bursts, the first
of which is intended to simulate an indirect attack; the
second, to simulate a direct attack on vehicle number one.
The indirect attack consists of a large yield weapon which
is detonated at time T = 0 and at position x, y, z as speci-
fied by the user. The direct attack (burst number two) is
specified by yield and time. 1Its position is automatically
determined, based on the target point which is the updated
vehicle position, and a spherical probable error which must
be specified for a given weapon delivery system,

The program is cycled through its evaluation procedures
for each burst. In this cycle, the vehicle positions are
updated to the time of each burst, the nuclear effects levels
of iﬁtercst are computed for each vehicle, and the survival
détermination is made on each vehicle. A record is kept of
the surviving vehicles and printouts are made for each burst,
noting the vehicles which have been destroyed, the nuclear

effect responsible, and the levels of threats encountered by
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each vehicle, Once a veliicle has been designated as
destroyed, it is removed from the program and no further

calculations are performed on it.

Program Options

There are five options in this code and they are speci-
fied by data input to GUIDE. The most important option
determines which effects are to be considered in the sur-
vivability analysis. The option for evaluation of any effect
is chosen by entering a positive value for the vulnerability
level of that effect. The other four options allow & choice
of a nonstandard atmosphere, a choice of method of burst
placement, a choice of the type of output, and 2 choice of
employing reactive turning (dodging the burst). The method
for choosing these options is described in Appendix C,
"Details of Daca Entry".

The ARDC standard atmosphere may be modified by speci-
fying the temperatures at sea level, burst height, receiver
height, and the terrain level. Burst placement may be
specified by the user throcugh data input, or may be obtained
from subroutine TARGET. Jutput may consist of a listing of
2ll values of each effect parameter at each vehicle plus the
survivability result, or it may be reduced to just the sur-

vivability result.

Capabilities
Tue code is capable of handling from one to ten nuclear

bursts if they are placed automatically by subroutine TARGET.
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Any number of bursts may be entered if the burst positions
arc specified by the user. There is no restriction on mixing
the mode of turst placement except that the number of bursts
placed automatically cannot exceed ten for any given program
run. Each burst may vary in yield and may be entered with
any time increment desired. The bursts are entered in time
sequence and each burst is treated separately even if two
bursts are entered at coincident times.

Any number from 1 to 100 vehicles can be entered for a
single program run. They may be traveling in different
directions, at different altitudes, and at different speeds.
As a result, it is possible to evaluate systems that are
operating in unrelated flight regimes without rerunning the
program. Any type of system, whether in the air or station-
ary on the ground, may be treated provided its vulnerability
is known.

There is a capability to simulate the direct attack by
calling subroutine TARGET which places the burst in a normal
distribution about the target point. This type of placement
allows for a margin of error inherent in the guidance system
of the weapon delivery vehicle, That error is gonerally
described as the spherical probable error, spe. The spe is
the radius of a sphere about the target point which should
contain approximaggly 50% of the burst positions. The target
point is always chosen as the first filled slot in the

vehicle array.
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A statistical approximation often used in weapom cinula-
tion work is used to obtain the normally distributed x, y, 2
set of coordinate points. These ccordinates then represent
the burst position. A development of the approximation is
given in Appendix A.

If the burst position is entered as input, 1t is possi-
ble to change the velocity vectors of one or all of the
vehicles at the time of burst detonation. A change of the
velocity vectors away from the burst point can roughly simu-
late reactive turning. Also, for each burcst; to eliminate
unnecessary calculations each vehicle is tested for inter-
cept with the fireball and for intercept with the ground.
Vehicles found in these situations are annotated as destroyed
and are removed from the program.

Subroutines have been included to evaluate survival to
blast and thermal effects. Subroutine BLAST1 makes survival
tests based on dynamic pressure and overpressure levels;
subroutine THERM investigates survival to thermal fluence

levels.

Limitations

There are some limitations that exist because of input
data that cannot be changed once it is entered. The vulnera-
bilities are not variable within a run, and only those
effects are evaluated for which a vulnerability level is
specified. Consequently, it is not possible to vary the

effects which will be evaluated during a given run. A single




vilnerability for each effect also means that only one type
of vehicle can be treated per run. In addition, it is not
casy tuv alter the flight regime of a vehicle since its
heading, speed, and position are non-variable input. (The
reactive turning capability excepted.)

The flight regime may restrict the use of certain
effects subroutines, primarily because of maximum altitude
limitations on some of the calculations., The capabilities
and restrictions of the effects subroutines are given in
Chapters III and IV. Also, the order in which the different
offects are evaluated is determined by the program, not by

the input,

Date

Data Input, All input values that are required are

entered into the program GUIDE. There are a total of ten
input statements. The first six are executed once for each
run. ‘The last four are executed once for each burst in a
Tun.

The following is a word description of the content of

each of the first six input statements:

1. This "read" enters the visibility, the water vapor
pressure, the albedo (ground surface reflectance),
and altitude of the haze layer (one input card
required).

2. Enters the number of vehicles and the number of

bursts to be studied (one input card required).

10
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Enters the values associated with choice of a non-

“n
.

standard atmosphere (one input card required).

4, Sequentially enters the values for coordinate
positions and velocities of each vehicle (one input
card required for each vehicle originally entered).

5. Enters the list of integers that are used to pre-
cycle the random number generator required fo
targeting (one card required).

6. Enters the vulnerability levels for survivability

determinations (one card required).

Data that must be entered repeatedly for each burst is

described below:

S, TR WA i, 0

. This input statement enters the incremental time of
burst, weapon yield, burst height above ground, and
integers for the options of burst placement, data

output, and change of velocity vectors (one card

EpdaT

required).

2. Enters the coordinate points of burst (one card
required).

5, 3. Enters new values of velocity vectors (one card

required for each vehicle originally entered).

MRS
R

4. Eaters the value of spherical probable error (one
card required).

Note: Specific instructions for data entry are given in

TR

Appendix C.

Data Qutput. Hollerith statements are used to supple-

« ment and clarify the output data, The data that is input is

B tARN w:r» RTINS ARSI W
v
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listed and identified again in the output. The vehicle
positions and velocities at the time of each burst are
listed. In addition, for each burst, the method of place-
ment and the burst position are given.

Results of the survivability tests are printed sepa-
rately for each burst. For those vehicles that are destroyvd,
the effect, the level of the effect, and the vulnerability
level are all given in a removal statement. PFemoval state-
ments are also printed for the fireball and the ground

intercept cases.

Summary

The computer code consists of two parts. The program
GUIDE accepts data and directs the survivability study; the
subroutines compute effects levels and make survival analyses.
This organization was chosen so that additional subroutines
for other effects could be added with a minimum of <hange.

Subroutines for evaluation of blast and thermal effects
are included. Survivability to dynamic pressure and o
overpressure levels is tested by subroutine BLAST1l; surviva-
bility to thermal fluence levels is tested in subroutine
THERM. The program allows a choice of the effects to be
evaluated, method of burst placement, and type of data
output. There is also a capability to specify a nonst:ndard
atwosphere and to simulate reactive turning.

A full description of the data and the format for -.ts

entry are given in Appendix C. Cepabilities and restricuions

1
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III. Computation of Blast Environments

Blast Phenomenon

Biast phenomenon can be computed using analytic or
empirical methods. There are analytic hydrodynamic codes
that yield extremely accurate shock parameter values, but
at the expense of lengthy computer runs. Empirical methods,
on the other hand, scale the data of a standard explosion to
obtain shock values for other specified bursts. One such
method for predicting shock phenomenon is the Sachs scaling
technique. The blast effects information presented here is
based on Sachs scaling and was taken directly from
AFWL-TR-70-85 (Ref 7). The report includes a code named
SABER which evalnates blast parameters. The BLAST1 sub-
routine of CSSANE borrows the methods of SABEX to find blast
effects levels for given receiver positions and slant ranges.
A capability for receiver motion was adde:# to allow applica-
tion to aircraft in flight. The calcu’ations of shock
parameters include methods to accourt for an inhomogeneous
atmosphere, reflection from the eartni {fused shock region),

and a blast efficiency factor.

Sachs Scaling

The Sachs equations for scaling have been developed in

Ref 7, pp. 2-12. A summary of these equations is given below.

Overpressure (AP) psi

P
@), = epy (52%) )
am
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Range (R) ft

E 1/3 p 1/3
- T am o
RT"Rm(E“) (p' ) (2)
m aT
Time of Shock Arrival (ta) sec
1/3 1/3 1/2
E P T
T ) am ) am )
t. =t — s _— (3)
aT am (Em ( PaT ( Tor

Time of Positive Phase Duration (tpp) sec

1/3 1/3 172

E P T
tppT y tppm(%) ( F:-:%) ("I'—:%) (4)
Gust Velocity (U) ft/sec
up = Uy ( -éﬁ-) (5)

Density, Shocked Mir (ps) slugs/ft$

P
st = Psal poy ) (6)

where the subscript T spplies to the explosion under investi-
gation; the subscript m applies to the 1 KT model, and

P_ = ambient pressure (psi)

E = energy of explocsion (K7)

T_ =« ambient temnerature (“R)

C_ o= ambient speed cf sound (f£t/sec)

ambient density (slugs/fts)

o
h]
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Effects of a Nonhomogeneous Atmosphere

The Sachs scaling equations are satisfactory for the
coaltitude burst and receivevy. However, the nonhomogeneous
atmosphere prevents u direct application in the noncoaltitude
case, That case may be handled by applying the Ledsham-Pike
alpha correction (Ref 7, 12-14) to overpressure calculations
and a modified Sachs scaling to the other shock parameters.

The alpha correction method was used to find overpressure
values because of its accuracy and because the overpressure
is a value that is subsequently used to compute other shock
parameters. The remaining parameters are found by the modi-
fied Sachs scaling method which assumes the blast wave is
propagating from the burst to the receiver under ambient
conditions of the a:titude of the receiver. Test explosions
have verified a corre¢lation of measured effects values to
those obtained by uce of the alpha and modified scaling
methods.

In che alpha correction method, the overpressure at the
receiver is obtained by multiplying the overpressure at the

burst alititude by the alpha correction factor.

er, = ap (52) (7

This facter is the ratio of the pressure at the receiver
altitude to pressure at the burst aititude ruaised to the
pover alpha. The ezxponent, alpha, is derived from eampirical

deta and theoretical calculatiocns and is a function of the
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scaled range, burst to receiver (see Fig. 2).
v The modified scaling equations for the noncoaltitude
case are presented here in Eqs (8) through (14) (Ref 7,

22-26).

Time of Shock Arrival (taT) sec

T
am
tar * 2 i73 (8)
where

tam = time of shock arrival for model (sec)

E = energy yield of burst (KT)

T
Pz = v (9)
" SL
z CSL

P = ambient pressure at receiver (psi)

-

PcL = ambient pressure at sea level (psi)

(v
Cz = ambient speed of sound at receiver (ft/sec)
CSL = agmbient speed of sound at sea level (ft/sec)
Note: If the receiver is in the fused shock region {(Mach

stem) the 2nergy term E. must include the amplifica-

T
tion factor Fr {see section on reflected shock rein-
forcement p. 19),

The Rankine-Hugoniot relations between density - particle

veiocity, particle veiecity - speed of sound, and dynamic

17
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Fig. 2, Ledsham-Pike Alpha Ccrrectron as & Function
of Scaied Range {Ref 7, 14},
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pressure - particle velocity along with modified scaling

give the following (Ref 7, 24-26):

Shock Front Velocity (CS) ft/sec

eap_ 1/2
C5=Cz<1+79 ) (11)
z
where APz = peak overpressure at receiver
Density Behind the Shock (ps) slugs/ft3
7 + 6APz/Pz
ps=pz(7+AP 7P ) (12)
2’z
where p, = ambient atmospheric density at receiver
Peak Particle Velocity (Up) ft/sec
G AP . 6AP -1/2
upg'fcz(Pz)sz *1) (13)
Dynamic Pressure (q) psi
S5 Apz2
a = E’(?p“"‘ ) (14)
2 z

Eggjon of Reflected Shock Reinforcement

Shock phenomenon for bursts near the ground is compli-
cated by the reflectiun of the shock front off the ground
into the region of previously shocked air. The reflected

shock, traveling more rapidly in the heated air, overtakes

10
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the basic shock front and fuses with it to form a reinforced
shock region called the Mach stem. The triple-point path,
originating at a point on the earth some radial distance
from ground zero, describes a boundary below which there
exists a region of shock reinforcement.

A yield amplification factor, Fr’ has been determined
from experimentation for both the region near the triple-
point path and for the region considered far within the Mach
stem. For points near the path, the yield multiplying factor,

-

Fos is given in Fig. 3 as a function of scaled altitude of

burst (Kft/&ﬂl/s). The multiplying factor for far geometries,

i.e., points which are at scaled ranges greater than

100 ft/(KT’)‘/3 from the triple point path, is given by
Fr = 2.33 - 0.025 Rs (15)

a fuaction of the scaled range (R.) in Kftﬂkﬂlls (Ref 7, 64).

Positive Phase Durations

The times of positive phase duration for overpressure,
material velocity, and overdensity have also been developed
from scaling methods (Ref 7, 26-31). Empirical relations
have been derived for the positive duration of overpressure
[(Ap)t]m’ the ratio of scaled positive duration of material
velocity to scaled duration of overpressure [Gt/(Ap)t]m’ and
the ratio of scaled positive duration of overdensity to

scaled duration of overpressure [(Ap)t/{AP) These

t]m’
empirical relations in conjunction with the general equation

for positive phase durations, Eq (4), yield the following:
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0 5 10 15 2.0
SCALED HEIGHT OF BURST kiyikT)/3]

Fig. 3. Yield Amplification (Reflection) Factor versus
Scaled Burst Height (Ref 7, 63).
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Positive Duration of Overpressure (sec)

[P, 1
- .= 1/3
Cz(pz/ET)

(ap), = (16)

Positive Duration of Material Velocity (sec)

16,/(8) ] _TCAP). 1
CTTE T e 173 (17)
C (P, /EL)

Positive Duration of Overdensity (sec)

[CAp) /(aP) 1 [(4P) ]
- —F — t T/S t'm (18)
C, (P /ED)

(203,

Blast Efficiency Facter

Scaling methods arec very ' seful tools for finding blast
effects levels but there are limitations to be considered.
The blast phenomenon is hydrodynamic in nature and therefore
the méthods presented here are not useful for very early
times when the dominant mode of energy transport is radiation.
Also, at higher altitudes there is not a clear separation of
the shock frort from the radiatioa phase before much of the
energy is dissipated. A blast efficiency factor (Fig. 4)
was developed from dafa cbtained by runs of the SPUTTER
hydrodynamic code at AFWL, Kirtland AFB, New Mexico (Ref 7,
31-32). The blast efficiency factor, when applied to the
burst yicld, can extend accurate blast calculations from

60,000 to 150,000 f¢t,
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BLAST EFFICIENCY FACTOR

10

SPUTTER
AVERAGE
.4 -
JF
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0 1 i 1 i 1 1 Pl
0 25 50 75 100 125 150 175

ALTITUDE (kilofeet)

Fig. 4, Blast Efficiency as a Function of Burst
Altitude (Ref 7, 33),
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Subroutine for Blast Effects

Subroutine BLAST1. The subroutine for calculation of

blast parameters and for evaluation of system survivability
to blast effects is BLAST1. This subroutine is called by
the program GUIDE and returns to GUIDE a record of those
vehicles that have been destroyed by blast effects. Shoci

parameters at the point of vehicle and shock intercept are

Survival of each vehicle is based on the vulnerability .

7 N !
It e e st 1
B

~§ computed by the methods presented earlier in this chapter.

criteria of dynamic pressure and/or overpressure.

. Parameters Computed. The results of the blast computa-

tion for each burst are printed from the BLAST1 routine.

All vehicle losses are listed under "Results of Blast Effects
Computations." The lethal level and the type of pressure
responsible for each vehicle loss is also printed. The

follnwing is also printed out if the option for data is

specified: ,
Height of receiver at shock intercept (ft)
Slant range at shock intercept (ft)
Time of shock arrival (sec)
Shock front velocity (ft/sec)
Peak dynamic pressure (psi)
Peak overpressure (psi)
Peak material velocity (ft/sec)
Peak overdensity (slugs/fts)
Positive duration of overdensity (sec)




TN A e ¥ e i i s e

GNE/PH/72-3

Positive duration of overpressure (sec)
Positive durztion of material velocity (sec)

Sub-Programs Called by BLAST1. Sub-programs TRIPNT,

ATHMOS, SETUP, MACURE, and MOTION are called from the routine
BLAST1. Subroutine TRIPNT establishes the fused shock region
for bursts near the surface of the earth. TRIPNT also
determines a yield amplification factor for vehicles in the
fused shock region. The ATMOS subroutine provides needed
atmospheric data from the ARDC standard atmosphere. SETUP
and MACURE are table lookup routines that are capable of
interpolation and extrapolation from tables of data. The
tables of data are stored in the BLOCK DATA section. The
programs TRIPNT, ATMOS, SETUP, and MACURE were a part of the
SABER code and are described in AFWL-TR-70-85, (Ref 7).

Sub-program MOTION is called from BLAST1 to find the
point of vehicle, shock front intercept. Since the shock
front moves outward at speeds near the speed of sound, the
change in vehicle position during shock front propagation is
important.

The model for finding the intercept point by vector
methods is presented below, Initially, the scaling laws are
used to establish the shock front velocity based on the
vehicle position at the burst time. The shock and vehicle
positions after a time increment AT will establish a closing

rate

CR = = (19)
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where

CR

closing rate

AS

change in separation distance, (shock to receiver)
AT = time increment
A predicted time increment, ATP, for intercept is then

given by

AT = 3D (20)

where

SD = separation distance
The intercept point and the shock parameters are finally
obtained through an iterative process involving the prediéted
time increment. The no-intercept case will be indicated by
increasing separation distances with each “e increment.

Limitations on Blast Calculations. The data base from

which blast parameters are calculated is the free-air, sea-
level, 1-KT test model. The range of altitudes which can

be spanned by scaling techniques is limited. The application
of a blast efficiency factor extends the range of accurate
calculation from 60,000 ft. to approximately 150,000 ft.

The program can calculate results up to 250,000 ft. but no
verification is available., Calculations made in the fused
shock region are based on a flat reflecting surfuace and
variations from this case may have indeterminate effects on
the actual overpressure values, Also, it is important to
realize in evaluating results that the scaling techniques do

not hold for regions in and on the boundary of the firebali.
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This is true because the scaling techniques are not applicable
in regious where radiation is the primary means of energy

transport (Ref 7, 31).

Accuracy gi Blast Calculations. Subroutine BLAST1
computes blast parameters using the same techniaues that are
used in the SABER code. The calculated results will be the
same for the two programs. A correlation betweer SABER
results and the SAP hydrodynamic code has been made (Ref 7,
42-46). The resﬁlts of that correlation are presented in
Figs 5§, 6, and 7. The first two figures are for the coalti-
tude case and the last figure is non-coaltitude for verifica-
tion of the correction for the nonhomogeneous atmosphere. An
additional correlation of SABER results to measured values
from actual tests is presented in the appendix of Ref 7. The
closce correlation of SABER results to the extremely accurate
hydrodynamic calzulations indicates that the scaling techniques
which are employed are adequate to represent the blast

phenomenon.

Summarz

The methods of blast effects computations were drawn
from AFWL-TR-70-85 (Kef 7). The approach includes an
accounting for inhomogeneous atmosphere, fused shock region,
blast efficiercy, and receiver motion. Scaling techniques
and empirical data fcrm the basis for all the blast parauweter

calculations.
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Fig. 5. Comparison of SABER and SAP Results for 300 KT
at 65,000 feet (Ref 7, 43),
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SLANT RANGE (kilcfeet)

6000 KT AT 60,000t
50 STRAIGHT DOWN

4 r — SAP HYDRODYNAMIC CALCULATION
L o SABER CALCULATION

i
o 2 4 6 8 10 12 4 & 8 20
4P lpsi]

Fig, 7. Comparison of SABER and S5AP Results for 6 MT
at 60,000 feot (Ref 7, 46).
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A subroutine named BLAST1 was developed to make the

o

J effects calculations and to perform the system survivability
analysis. Survivability is based on the threat levels and
vulnerabilities to peai overpressure and peak dymnanmic
pressure. The subroutine is capable of evaluating blast

effects up to 250,000 ft.
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1IV. Computation of Thermal Environments

CT PR i e b

£

> -

Thermzl Phenomenon

The investigation of thermal effects of nuclear weapons
on systems depends on three basic factors. They are the
source of thermal emnergy, the transmission of that energy
through a2 medium, and the abéorptivity 0f = receiver in that
nedium. The scope of this study is limited to the considera-
tion of the first two factors.

Anaiysis of thz thermai environment is at best an
approximate effort. This is so because of the variability
from day to day and hour to hour of atmospheric nroperties
which affect the energy transport. Conseguently, there is
no single approach that <an account for all the factors and
geophysical conditions. Simpiified mcdel environments have
been developed from which resalts should be carefully
evaluated. The method presented in thic report is such a
model.

The first topic zreated here describes the detzrmination
¢f the thermal yieid. The remaining paragraphis describe the
methods used to determine thermal fluence levels depending
on tlie locatiosn of both the burst and the receiver. A method
is presented to determine thermal Ilevels of beth reflected
and direct cnergy for burst altitudes less than 30 kft. with
recsivers below 100 kft. There is ac change in the approach
for burstis between 30 aud 50 k¥t. except that reflected

e energy is negligible in this region. Procedures and relations

¥
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have been included which are applicable to the case of a

s

N7 burst above 30 kft. with the receiver below 50 kft. Finally,

the case for both burst and receiver above 50 kft. is treated.

Thernal Yield

The thermal yield is a function of the altitude of burst
and the total yield of the weapon. In general, the thermal

yield is a fraction of the total yield and this fraction

ey N R A e R aNs A B AT, TRV MO Rt S N S AT A R

rises with iucreasing altitude and then drops to nearly zero
around 350 kft. (100 km). The low and intermediate altitude

burst (< 100 kft.) is characterized by two distinct thermal

oo g, K ow

pulses, the second of which contains the bulk of the thermal

energy. At highex altitudes the first and second pulse

B Rk T

combine to form a single pulse of very high intensity and
short duration,

Data from the SPUTTER AFWL weapons effects code has
providced the thermal efficiencies for a range of burst yields
and altitudes. An empirical relation, a function of altitude
alone, has been obtained from tke collapsed SPHTTER data and
is plotted in Fig. 8. Relations for thermal efficiency and
thermal yield were furnished from unpublished information,
courtesy of Mr. A. Sharp of AFWL, Kirtland AFB, New Mexico.

The taermal efficiency, T, is given by

L(--3579 - .008H + 7.136 x 1079y 2.30 X

J(-1.25 x 107%0°% + 6.42 x 10784%2.30

(21)
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where
Lt H = height of burst (Km)

The thermal yield (air burst) is given by

.94
Wop = TW (22)

where
W = total yield in KT

The thermal yield (ground burst) is

_ 1.03
Wop = «35W (23)

The time of the second thermal peak (maximum power
output) is taken as the time at which all the thermal enervrgy
is released. An empirical relation for that time is given

o - by (Ref 2, 175)
. .42
T(sec) = .0491(Wn) (24)

where
n = ratio of air density at burst altitude to that at

sea level

Atmospheric Transmission (Burst < S50 kft.)

A model for transmission of thermal radiation in the
atmosphere has been developed in Ref 3., That model is
presented below and is followed exclusively for thermal
calculations except as noted by individual references.

Six basic assumptions are:

< 1. The fireball of an air burst is essentially spherical

& -

and is treated as a point source black body radiator

35
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at 6000 degrees Rankine. The fireball for the
surface burst is treated as a hemispherical
Lambert-type emitter of uniform temperature. The
black body temperature is taken as 3000 degrees
Rankine,

2, The transmission of visible energy is evaluated
for a collimated beam of energy. This assumption
is made for the purpose of describing the geometric
pa*th of reflected energy and *o a3llow appiication
of Lambert's Law.

3. The visible energy jis zssumed to pass through a non-
absorbing but scattering media.

4, Attenuation of infrared energ- is assumed to be the
result of absorption by the watcer vapor in the
atrosphere.

S. The terrain surface .s taken =ss i Lambert plane,
iafinite and flac.

6. The albedo, or surface .2flection factoer, 1is known
and is the sam: for al! frequcncies of the reflected
energy (see Table I on the next page).

An application of Lambert's Law was made to yield an
analytié expression for the 1sflected thermal energy.
Lamberi's Law expresses the intensity of reflected radiant
energy as a furction of the angle from which it is viewed
(Ref 1, 111-112). The surface of reflection is taken as a

black body radiator aud as a perfectly scattering surface.

36
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Table I

Values of Albedo for Earth Surfaces

Surface Reflectance (per cent)

Desert 24.28
Fields (Various Types) 3-40
Forest (Green) 3-20
Grass (Various Conditions) 14-47
Ground (Bare) 7-30
Snow 65-89
Water (Average) 10

Rough Water (White Caps) 10-31
Shock-Frothed Water 40-80
Sand (Dry) 18-28
Sand {Wet) 9-19

(Ref 3, 54}

Reflected Radiation (Air Burst). The thermail

fluence

an air burst reflected to a plane horizontal receiver from

infinite Lambert plane is given by

W

th
Q, = (———— T, oly(H, ,X, )]
R 4ﬂ52) t Ro’"Ro

where
QR = reflected thermal fluence (cal/cmz)

§ = slant range, ground zero to receiver {cm)

37
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T, = atmospheric transmission fraction

t
p = albedo
y(HRO,XRO) = gamma function for air burst, (a function

of scaled height of the receiver and the
scaled x-coordinate range of burst te¢
receiver)
The gamma function has been evaluated by numerical techniques
for a range of values of HRo and xRo' Both HRo and XRo are
scaled by the heigkt of the burst above the ground level.
The gamma function described above is not to be confused with

the well known y function of mathematics.

Reflected Radiation (Ground Burst). The thermal fluence

of a ground burst reflected to a plane horizontal receiver
from an infinite Lambert plane has been developed in Ref 4

and is given by

W
0p = { —By) T plv(5,,0)] (26)

2ns

where
Y(S°,¢) = gamma function for ground burst, (a fuaction
of the scaled siant range and the angle ¢).

The gamma function has been evaluated numericaily for ranges
of the two variabies So and ¢ (Ref 4, 288). The slant range,
S, is scaled to the’ radius of the fireball and ¢ is the angle
between the vertical at the receiver and the slant range to
ground zero. The thermal fluence obtaired for both the air

and the surface burst is that for normal incidence on a plane
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horizontal receiver. Equations (25) and (26) are applicable
for burst heights up to and including 30 kft.

Direct Radiation. The thermal fluence directly incident

on a plane horizontal receiver is attenuated beth by radial
divergence and by the transmissivity of the intervening
atmosphere. The incident thermal fluence (cal/cmz) for an

air burst is given by

W
h
Q = —2— (Tp) (27)
47 {SR)
where
TD = direct thermal energy transmittance
SR = slant range, burst tc receiver (cm)

wth = thermal yield (KT)
The incident thermal fluence (cal/cmz) from a surface burst

is given by

W
Qy = —2o (1)) (28)
27 (SR)
The normally incident fluence may be found by multiplying
equations (27) and (28) by the appropriate trigorometric

relations.

Transmissivity Fractions. Thermal fluence for bursts

below 50 kft. is composed primarily of visible and infrared
energy. Transmission of the two energy types is treated
separately since the visible energy is primarily subject to

scattering and the infrared energy is primarily subject to
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absorption by water vapor.

affected by the amount of haze,

Both forms of radiation are

described as a visibility

factor, that is present in the environment.

The following equations giv

e the transmissivity €unc-

tions for visible light in air free of haze including both

coaltitude and non-coaltitude cases (Ref 4, 28-29).

(z, - 2,)
cos Y = - SR (29)
zs 4 zr
-4.57 x 10°°(2 )  -4.57 x 10°°(z_)
( -.0875 [e * s’ _ e ) T ])
T = et oSV (30)
T
- zs = Zr
-6 -4.57 x 10°°(z2 )
[-4 x 10 "(SR)e ° s’]
Tr = e (31)
where
Tr = transmissivity factor (visible)
Zr = height of receiver
Zs s height of source

The transmissivity factors

haze present are given by

Zs ¥ Zr

-16.4 -4.57 x 10‘5(2
. e V cos ¢

h

[e
T

s)

for visible light in air with

-5
(32)
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Zs = Zr
-4 -5
-7.5 x 10 " (SR) -4,.57 x 10 “(Z.)
T v (e r’]
p = e (33)
where
Th = transmissivity factor for visible (with haze)
V = visibility at sea level (miles)

The'transmissivity factor for infrared energy is
dependent on the amount of water vapor present (given in
precipitable millimeters of water along the transmission

path). The water vapor present in the path is given by

Zs # Zr
-5 -5
2.3 Po -6.1 x 10 (Zs) -6.1 x 10 (Zr)
W = E—(;-S-—-‘IJ—- [10 - 10 ] (34)
Z =12
s T
6.1 -5
-4 “V. X 10 (zs)
w=3.25x10 (Po)(SR)[IO ] (35)
where
w = precipitable millimeters of water

Po = water vapor pressure at sea level (mmHg)

Finally the total transmissivity, T is given by

t’

T, = FVT T, + FirTw('7 + 3T

t R h (36)

1)

41




€kt > R Y BT I TS o %

fan b

GNE/PH/72-3

where
Fv = fraction of thermal fluence in visible region
Fir = fraction in infrared region
w > infrared transmission factor

The fractions of visible and infrared energies are functions
of the black body temperature. The energy is split evenly
between visible and infrared for the 6000 degree air burst.
For the ground burst at 3000 degrees, Fv = .1 and Fir = .9
(Ref 3, 35).

The infrared transmission factor is given as a function
of the precipitable water vapor in the transmission path.
Curves for both the air and the ground burst are given in
Fig. 9.

Combinations of the basic equations presented in this
section will allow transmission fractions to be compiled
for reflected energy and for situations where there is a
haze layer from ground level up to a specified altitude.

The interested reader is referred to Ref 3, pp. 56-60.

The High Altitude Burst

Transmission of thermal fluence from a burst above
50 kft. to a receiver below 50 kft. has been developed by a
separate approach. The ultraviolet fraction of the thermal
energy is a significant portion of the thermal energy fer
bursts in this region. The thermal fluence incident on a

plane horizontal receiver is given by
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‘ + -1.31 x 10" (R
Q= — o [F e x 107°(R)
(Zs - Zr)
!
-5
' (1 - F e 131 x 107 (R)y55.2 4 (37)
uyv
’g
i where
% @, -2.)
; sin ¢ = ——gz—— (38)
: Puv = fraction of ultraviolet energy
i
‘ and for Z_ < 28,000 ft. the reduced ramge, R, is
51746 . -3-15 x 10‘5(zr)
1 R = S5 [e - .414] +
{
| 0987 -4,55 x 10’5(2s - 28,000)
g ""——""sin b [1 - € ] (39)
¥
; .
‘; and for 28,000 < Z_ < 50,000
{
;’ 4.55 x 10°°(z_ - 28,000)
-4, X -
f 9987 s '
‘ ’ R m [1 - & ] (40)

The High Altitude Burst and Receiver

The thermal transmission factor is essentially unity
when both the burst and receiver are above 50 kft. Radial
divergence is the only attenuation present in this region.

The therm2l fluence in cal/cm2 is given by
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wth

Q= —th
am(sr)?

(41)

Subroutine for Thermal Effects

Subroutine THERM. The subroutine for calculution of

therm2l effects and survivatility to those effects is called
THERM. This subroutine is called by the program GUIDE and
returns to CUIDE a record of those vehicles that have been
destroyed. Tr2rmal energy levels are computed at each
vehicle position. Survival of each vehicle is based on a

comparison of the vulnerability level and the free field

thermal energy level.

Reflected energy from the surface of the earth may be
significant under certain cenditions. A survivability test
is also performed based on the sum of the reflected and the
direct energy normal to a plane horizontal receiver. This
test is made only when the reflected and direct energy is
additive, i.e., for a burst below the receiver.

Parameters Compute- . The results of the thermail

computations for each burst are printed from the THERM
routine. All vehicle losses are listed in the output under,
"Results from Thermal Effects Computations". The lethal
level is also included as printed information. The foilowing
additional information is printed if the option for data is

chosen:
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Unattenuated free field fluence (cal/cmz)
Height of burst (ft)

Slant runge at time of peak radiant power (mi)

Time to peak radiant power (sec)
direct free field fluence (cal/cmz)

Direct normally incident fluence (cal/cmz)

(Normal to a plane horizontyl receiver)
Reflected fluence (cal/cmz)

" Refiected plus direct normail fluence (calicmz)
(Computed only if burst below the receiver)

Sub Programs Called by THERM. Subroutines ATMOS, TRANS,

SETUP, and MACUPRE are called from the routine THERM. Sub-
routine TRANS is called upon to evalunate the atmospheric
transmission factors for thermal energy as needed in the
thermal calculations. The effect of a haze layer from sea
1;ve1 to any specified altitude is included in the calcula-
tion of the transmission factors. The remaining subroutines
perform the same functions as described in Chapter III,
BLOCK DATA is again used for storage of data tables.

Limitations on Thermal Calculations. Methcds have been

presented for deiermining trausmiscion of thermal energy in

all altitude ranges. However, the determination of thermal

efficiency is accurate only ¢o approximately 250,090 ft.

Extrapolation beyond this limit is possible but no verifica-

tion of accuracy has been made.

Calculation of thermal effects for burst altitudes below

50 kft. include the effect of visibility. The method for

“\ ..xh,
I e e

finding transmission fractions is accurate for transmission

1
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distances up to and including the visibility range. Thermal
levels that are computed for distances exceeding that range
are likely to be higher than actual values. Also, the

attenuating atmosphere is considered to extend throughout

the transmission path for the case of a burst below 50 kft.
with the receiver above 100 kft. This assumption will result
in some excess attenuation of the thermal energy.

The presence of clouds and stratified layers of haze

S Ry e WA S (TN

will greatly affect the thermal energy present at any given
point. These effects have not been accounted for. Dsvia-
tions from the assumptions of this simplified model wiil

nearly always be present and the results should be inter-

%
z
|
i

preted accordingly.

Evaluation of Thermal Computations. Thermal levels

computed by subroutine THERM have been compared to values

computed by the thermal code SNAPT at AFKL. The codes are

based on a similar theoretical appr?ach. A correlation of
free field thermal levels was made %or a range of burst
altitudes from 0 to 60,000 ft. and for receivers from 0 to
50,000 ft. Agreement to within 10% of the SNAPT values was
obtained except for the ground burst case where the THERM

values were a factor of two times greater than those of SNAPT.

A different approach was used in the two codes for the

Yy

determination of thermal yield for the ground burst. The

N,

SNAPT approach is intended to account for a high attenuation

factor near the earth's surface and is probably more correct

R

L

2

in that region.

(3

I
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The method for prediction of thermal fluence levels in

the lower altitude regions (below 50 kft.) has been corre-

lated to actual tests. There is general agreement to within
+ 10% for those conditions meeting the assumptions presented

in this report. The calculations for a high altitude burst

S VMR i
Sl N R

with a receiver in the attenuating atmosphere (below 100 kft.)

5

are estimated to be correct to within a factor of two.

. -
Mz";-‘?“;’f’;ﬁ“'r

o2

o

Thermal transmission for the high altitude burst and recsiver
case is not affected by atmospheric attenuation. Radial
divergence is applied to find the thermal level and the

accuracy is only limited by the prediction of thermal yield.

Summary

The methods of thermal effects computations were drawn
primarily from Ref 3. The transmission fractions wz2re found
by separate techniques for thrze regions of altitude. The
regions handled separately were the following: burst alti-
tudes less than 30 kft. with receivers below 100 kft., burst
altitudes above S50 kft. with receivers below 50 kft., and
betk burst and receiver above 50 kft.

A subroucine named THERM was developed to make the
effects calculations and to perform the survivability
analysis. Survivability is based on the threat level and
vulnerability for the free-field thermal fluence in cal/cmz.
The subroutine is capable of evaluating thermal effects for

bursts up to approximately 250,000 ft.
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V. Results and Conclusions

A computer code has been developed that will provide a
method to make survivability studies on systems that axe

undergoing a nuclear attack. Initially, subrouiines have

been included to evaluate survivability of svstems to the

vt gt =

effects of blast and of thermal energy. The code is designed
to readily accept similar subroutines for the evaluation nf
other nuclear burst effects.

The program was prepared for use on the CDC 64600

o AV (S 7 oy 7 RPN 0 T

computer with a Scope 3.3 compiler version. The code is

FpRves

written in the FORTRAN EXTENDED language. Core memory
required on the CDC system is approximately 40,000 octal

words end run times are on the sxder of a few seconds.

e A A € IR Ty A e #

The code is capable of handling from one to ten
sequential bursts which are automatically targeted and, of
evaiuating nuclear effects on a maximum of 100 vehicles.

The number of bursts which may be entered with positions

; specified by the user is not limited. Any type of system
may be studied for which the vulnerability limi<s are known.

i Subroutines for the separate effects each have separate

: limitations. The user of this program should be familiar

| with those limitations to obta: the most accurate results.

g The results from blast computations have been correlated to

actual tests and to hvdrodynamic calcuiztions. A close

agreement has been verified for all regions up to altitudes

' of 150,000 feet. The accuracy of calcuiations for thermal

4G
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effects varies depending on the altitude of the burst and
receiver combination. Some correlatiocn to actual test data
has been made and a close agreement was found between this
thermal routine and the SNAPT, AFWL routine. The values

for free field blast and thermal effects computed by this
code should be considered adequate for systems analysis and
survivability considerations. A sample problem which illus-
trates the use of this code has been included as Appendix E.

The presence of clouds, temperature inversions and other
atmospheric variations can have a significant effect on both
blast and thermal levels. Also deviations from the assumed
flat reflecting surface of the earth are important for the
lower altitudes. These facvors should always be recognized
in conjunction with an interpretation of results.

Some areas of this code that could be further investi-
gated or improved upon include the following items. The
capabilities of the thermal effects eviluation could be
improved by accounting for the effects of reflected thermal
energy from cloud layers above the point of interest. The
additive effects of free field levels for coincident bursts
has not been treated and could be a significant factor for
closely spaced bursts. No provision has been made to
evaluate the environment of special weapons. This capability
could be very important in survivability evaluations and is
a desirable addition to the code. The development of sub-
routines to calculate environments for x-ray, gamma ray,

neutrons, and Electro-Magnetic Pulse should also be
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accomplished. This addition to the basic survivability
code, along with the blast and thermal subroutines, would
then provide a single package to evaluate survivability to

each of the major nuclear effects.
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Appendix A

A Statistical Approximation for a Normaily

Distributed Variable

The Central Limit Theorem of probability theory was
used to obtain a normal, spherical distribution for the
detonation point relative to the chosen target. This theorem

states (Ref 6, 2t51) that if X, is a random variable taken

from sample size n, then

z = (42)

where
z_ = value of a random variable which is approximately
normally distributed with a mear of zero and a
variance of one

E(xi).= expectation value of x5

E(in) = summation over n, of expectation values

ox = standard deviation for xi

The coordinates of a ncrmal, spherical distribution may
be found in the following manner:
For a value of n = 12 and for random numbers between 0

and 1 we have

E{x;] = 1/2 (33)
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Fig. 10. Schematic Representation of Random Number
Distribution.
E[Ix;] = 12(1/2) = 6 (44)
Variance = of = @227 _ /1 (45)
T Ux T 12 T
Std. Dev. = o, = 1//12 (46)
then
/z'{ox=/'1'2‘-1//ﬁ=1 47)

and the approximately normally distributed random variable is

given by

2 - x; - 6 (48)
This value, zJ, has been deterunined for a distribution

of variance of one. A specified spherical protabie error,

spe, then delineates the distribution. The value, zJ, must
be scaled by the appropriate standard deviation. The

spherical distribution has
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G =0, = cy =0, (49)
and
spe = 1.538¢ (Ref 5, 301) (50)
therefore
R (51)

Finally, for a given distribution, A, an _pproximately

normally distributed point, (x,y,z) is given by

L) @ (3), (52)

(x,y,2) = 0,( AN

SS
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Appendix B

Index of Variables (Major Routines)

Note: Variables are defined in the first routine
they appear and are not listed again.

Program GUIDF:

Variable

Name Definition

BURSTX

BURSTY Coordinate points of the burst

BURSTZ position

CYCLE Number of bursts to be analyzed

COUNT . Record of burst number currently
under analysis

DISPX

DISPY X,Y,Z displacements, burst to

DISPZ receiver position

DISPR Radial displacement, burst to
receiver

HG Height of ground above sea level

HB Height of burst above sea level

HZ Height of receiver above sea level

11X Number of vehicles input

IODAT Input parameter for data print
option

IRC Integer number to precycle the
random number generator

KTEMP Input parameter for non-standard
temperature option

NUM Array of possible values for IRC

OPT1 Option for method of burst placement

OPT2 Option to change velocity vectors

56
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First
Appearance

(Line)

13

13
125

126
127

128

102
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13
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GUIDE (cont.)

Name Definition Line
PO Water vapor pressure at sea level 1?
POSX 10
POSY X,Y,Z arrays for vehicle positions 10
POSZ 6
RFB Radius of fireball 70
RHO Albedo 11
SPE Spherical probable error for

targeting 89
TARGX 92
TARGY X,Y,Z coordinate points on which burst 93
TARGZ is targeted 94
TEMPS Nonstandard sea level temperature

(degree Rankine) 6
TIMEX Incremental time for each burst 48
TM(1) Temperature at receiver altitude

(degree Rankine) 6
T™(2) Temperature at ground altitude

(degree Rankine) 6
TM(3) Temperature at burst altitude

(degree Rankine) 6
VBLASTI Vulnerability level for overpressure 6
VEHIC Array for record of vehicles 6
VGAMA Vulnerability level for gamma 45
VIS Visibility at sea level (miles) 11
VNEUT Vulnerability level for neutrons 45
vVQ Vulnerability level for dynamic

pressure 45
VTHERM Vulnerabhility level for thermal

energy 45
VARAY Vulnerability level for x-ray 45
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GUIDE: (cont.)

S Name Definition Line
VX
VY X,Y,Z velocity component vectors for
Vi each vehicle 1¢
W Yieid in KT 8
ZH Height of haze layer above sea
level (£ft.) 11

Subroutine TARGET:

DUM Dummy variable for argument of random

number function 9
R Radial displacement of burst from

target position 29
RX1 26
RY1 X,Y,Z2 coordinate displacement of 27
RZ1 burst from target position 28
SIGMA Standard deviation for a normal

distribution 7
SUMX 3
SUMY Computational sum: 4
SUMZ )
X
Y X,Y,Z coordinates of the target point 1
yA
Subroutine BLAST1:
ACF Table of altitudes for blast

efficiency 21
ALFA Ledsham-Pike o correction factor 132
ALP1E Minimum angle at which mach reflection

will occur {degrees) 13
ALP1lER ALP1E (radians) 13
CF Table of altitudes corresponding to

- table of efficiency factors, CFF
(feet) ) 21
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Subroutina BLAST1: (cont.)

Name

CFF

CFS

CF1
CF2
CF3

CF1l1
CF22
CF33
CF44
CF55

CONT
Cl0

Cll
c12

c4
C5
Ccé
c7
cs
C9
DELP
DEN

DT

EPSILO

FLAG

FR

Definition
Table of blast efficiency factors

Separation constant for segments of
the scaled range versus over-
pressure curve for the 1KT model
burst

Coefficients for empirical fit of
O versus overpressure curve

Coefficients for empirical fit of
scaled range versus overpressure
curve

Variable for program flcw

Coefficients used in empirical

fit of the ratio of scaled positive
duration of overdensity to the
scaled duration of overpressure
versus RBAR, the scaled range

Coefficients used in empiricel

fit of the ratio of scaled posiiive
duration of material velocity to
scaled duratiorn of overpressure
versus RBAR

Peak overpressure (psi)

Dummy argument in ATMOS call

Time increment for use in subroutine
MOTION

Ratio of overpressure to pressure
at the receiver

Variable controlling program flow

Yieid amplification factor for fused
shock calculation

59

Line

.

77

35

30-34

25

21

21
25

100

93

134

91

13

———— e e e e v -



GNE/PH/T72-3

Subroutine BILAST1: f{cont.)

Name

H(1)
H(2)
H(3)
HT
INCOMP
INTC
KCASE
KER

LER

PBRW

PDMV

PDOD

PDOOP

PG
PGR

PHIR

“J
-4
~
Ved
-

Definition
HZ, HG, HB respectively

Height above ground of point on
triple-point path (kft)

Variables controlling program flow

Variable indicating error in ATMOS
Dummy argument in call to MACURE
Variable for program flow

PZ, PB, PG respectively (set in
equivalence statement)

Pressure at burst altitude (psi)
Ratio PB/PZ

Ratio PB/PSL

(PBR/W)**, 3333

Positive duration of material
velocity (sec)

Positive duration of overdensity
(sec)

Positive duration of overpressure
(sec)

Pressure of ground elevation (psi)
Ratio PG/PSL

Angle used in triple point
consideration

Positive overdensity (slugs/fts)

Ratio P(1}/PSL) (PZR)

60

Line

27

24
64
90
72

100
77

59

27

13
13

13

169

171

167
13

13

13
170
27
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Subroutine BLAST1: (cont.)}

Name
PR{2)
PR(3)

PSL
PZ

PZR
R

RA
RBAR

RHO(1)
RHO(2)
RHO (3)
RHOB
RHOG
RHOZ

SDELP
SEPD
SEPDT

SFR
SFV
SR

SRE

Definition
Ratio P(2)/PSL  (PGR)
Ratio P(3)/PSL  (PBR)

Atmospheric pressure at sea level
(psi)

Atmospheric pressure at receiver
(psi)

Ratio PZ/PSL
Radius of the firebail (kft)

Slant rznge from burst to point on
triple-point path (kft)

Scaled range (1 KT, sea level burst)
(kft)

Density at HZ, HG, HB respectively
(slugs/ft3)

RHO(3), RHO(2), RHO(1) respecti .
Scaled peak overpressure o 1 KT,

sea level burst (psi)

Separation distanc: -ihock front
to vehicle positio.

Separation distance for time
increment DT

Shock front range from burst position
Shock front velocity (ft/sec)

Slant range from burst to receiver
Slant range from burst to origin

of the triple-point path on ground
(kft)

61

Line

27
27

58

13
13

13

13

124

100

28

126

140

140
92
140

56




GNE/PH/72-3

Subroutine BLAST1: {cont.)

A Name Definition Line
SS(1) Ambient speed of sound at receiver,
$5(2) at ground, and at burst altitudes
SS(3) respectively (ft/sec) 27
SSB
SSG SS(3), SS(2), SS(1) respectiveaiy
§SZ 28
SSZR Ratio of speed of sound at receiver
to that at sea level 114
ST Horizontal range from ground zero
to point on triple-point path (kft) 69
STO Horizontal range from ground zero
R to the beginning of triple-point )
path (kft) 67
TAB, .LL) Tabular data stored in BLOCK DATA 18
TAB11 Values of scaled range, RBAR,
(Independent Variable)
o TARLD Values of scaled peak overpressure,
. SDELP (Dependent Variable)
TAB21 Values of scaled range, RBAR
TAB2D Values of Ledsham-Pike alpha
correction
TAB31 Used to invert order of entry of
TAB3D values in TAB1
TAB41I Values of angle ALPHIR
TAB4D Values of angle PHIR
TABSI Vaiues of scaled height of burst
TABSD Values of yield amplification factor
for Mach stem region
TAB61 Values of scaled range, RBAR
TAB6D Values of scaled time of shock arrival
TDPZ Scaled positive duration of over-
pressure 154
TDRZ Ratio of scaled positive duration of
overdensity to the scaled duration
. of overpressure 166
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Subroutine BLAST1 (cont.)

Name Definition Line
TEMP Dummy argument for ATMOS call 100
T™MV Katio of <caled positive duration
of material velocity to scaled dur-
ation of overpressure o161
TR Dummy variable in ATMOS call 100
3 TSA Time of shock arrival (sec) 139
;
£ TSACAP Time of shock arrival (scaled, 1 KT
3 " sea level burst) 138
:é TT Dummy argument in MOTION call 149
. : HLCALL) Separation blocks for ranges of
3 the curves of positive phase
duration versus RBAR 21
vC Dummy variable in ATMOS call 100
WOR Yield, W 49
XITER 25
XKKX Variables controlling program flow 24

Subroutine THERM:

AAAl Table of independent variables

normalized slant range and angie,

PFE 10
AAA2 Table of ground burst gamma

functions (dependent variable) 10
EB1 Table of variables - HRC and XRO

(independent) 10
BB2 Table of gammas functions, air burst

(dependent) 10
DELX X coordinate range, burst to

receiver 61l
DELZ Z coordinate range, burst to

receiver 2
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Subroutine THERM: (cont.)

Name

FUv

GAM

HOCB
HRO

PFE

PI
PO
PX
PY
PZ

QDN

QDFF

QDFFUN

QR
QMHR

SRM]
SRCM
SRN

SS

Definition

Fruaction of thermal yield in
ultraviolet

Gamma function for air or ground
burst

Height of burst above sea level
Scaled height of the receiver
Angle between the vertical at the
receiver and the slant line to
ground zero

Constant of multiplication

Water vapor pressure at sea level
(mmHg)

Vehicle coordinate positions at

time of the thermal maximum

Direct thermal fluence normal to
plane horizontal receiver (cal/cmz)

Direct thermal fluence, free field
(cal/cmz)

Direct thermal fluence, free field,
unattenuated

Reflected thermal fluence (cal/cmz)
Sum of reflected and direct normal
fluencezon a plane receiver
(cal/cm“)

Reduced range (high altitude burst)
Slant range (miles)

Slant range (cn)

Normalized slant range

Dummy argument in ATMOS call

54

Line

120

80
20

85

78

358

58
59
60

96

93

94

90

99
123
69
70
77
21
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Subroutine THERM: (cont.)

Name Definition Line
STHET Angle used in high altitude burst
computations 121
TBW1 Table of precipitable water vapoz
(independent variable) 10
TBT1 Table for fractional transmissicn
of infrared {ground burst) 10
TBT2 Table for fractional transmission
of infrared (air burst) 10
TBV1 Table of height of burst
3 {independent variable) 10
ﬁ, TBV2 Table of fraction of uliraviolet ensrgy
‘?é (dependent variable) 10
L TD Direct transmission fraction 92
TEFF Thermal yield efficiency factor 33
TMAXZ Time of 2nd thermal max. (sec) 30
TMIN Time of thermal minimum (sec) 2Y
TR Reflected transmission fraction 87
TYPE Variable controlling program flow 86
WMT Yield in megatons 18
WTH Thermal yield (KT) 37
XRO Scaled X range §2

Subroutine TRANS:

CHK Variable for program flow i
CTHETA Angle used in transmission formulas 16
FIR Fraction of infrared energy 69
BV Fraction of visible energy 68
LER Error record 75
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Subroutine TRANS: (comnt.)

3 Name Definition Line
TH Transmission factor with haze 19
TR Transmission, clear air 20
TT Total transmission factor 79
TW Transmission factor, infvared 75
XXW Water vapor in the transmission patn 40
Subroutine TRIPNT:

ALFA Ledsham-Pike o factor 59
ALPHA
ALPHIR Angles used in triple-point 134
ALPIF computation 107
ALT Height of burst above ground (kft) 40
ALTSRG Ratio of ALT to slant range fronm

burst to a point on the ground 89
CAPD Functions for Newton-Raphson 84
CAPQ iteration to determine ALFA 85
CONT Variable for program flow 125
DDELP Derivative in Newcon-Paphson

iteration 64
DELPD Desired overpressure (Range

solution only) 124
DELPG Overpressure on ground 62
DELPR Overpressure received, used in

iteration process 31
DPDX Derivatives in N-R iteration 75
DRBAR 76
FR Yield amplification factor (fused

shock region) 46
INCOMP Variable recording error in input

data (Range solution only) 95
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Subroutine TRIPNT: (cont.)

Name

PHIR

PPP
SHB

SMF

XI
XITER
XK

XKK
KKK

Definition

Argle used in triple-point
calculations

Exponent used in functional curve
Scaled height of burst

Function used in Newton-Raphson
iteration

Incremental value of shock strength

Variable for program flow

-
-~

flow

o
19
»
[
{9
F:"‘
bad
(44
7]
=y
Q
1

>}
o]
Q

[+5]
-
2

67

Line

136
68
42

83
54
31
48

127
128
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Appendix C
Details of Data Entry

Input data cards are to be prepared by the following
instructions.

Column Format Symbol Input Comments
CARD 1
1-12 E12.5 Vis - The visibility in milesg

at sea level

13-24 E12.5 PO - The water vapor pressure
in mmHg at sea level

25-36 Ei12.5 RHO - The albedo factor (a

Al - -~ .~ .~
decimal fraction)

37-48 E12.5 ZH - Altitude of haze layer
(ft. above sea level)

CARD 2

1-3 13 1I - Integer, number of
vehicles to be entered
in the vehicle array
(right justified)

4-6 13 CYCLE - Integer, number of
weapor bursts (right
justified)

CARD 3

1 i1 KTEMP 0 Option for use of
standard atmosphere
{(remainder of Card 3 is
blank for this value of
KTEMP)

KTEMP 1 Option for nonstandard
atmosphere (complete
Card 3 as shown below)

2-7 F6.0 TEMPS - Desired temperature at

sea level in degrees
Rankine
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Colunmn Format Symbol Input Comments
CARD 3
8-13 F6.0 ™(1) - Temperature at altitude
of receiver (degrees
Rankine)
14-19 F6.0 T™(2) - Temperature at height of

- ground (degrees Rankine)

. 20-25 F6.0 T™(3) - Temperature at height of
burst (degrees Rankine)

CARD 4 (Multiple card)

1-12 El12.8 PosSYY) -~ X c¢oordinate positicn
in feet for vehicle I

13-24 E12.5 POSY(I) - Y coordinate position
in feet for vehicle I

25-36 El12.5 POSZ(I) - Z coordinate position
in feet for vehicle I

(Coordinate points for
each vehicle are rela-
tive to an arbitrarily
established origin of
coordinates at sea
level.)

37-48 E12.5 vVX(I) - X component of velocity
in ft/sec for vehicle I

49-60 E12.5 VY (1)

- Y component of velocity
in ft/sec for vehicle I
61-72 E12.5 vz (1) - Z component of velocity

in ft/sec for vehicle I

(There will be one card
number 4 for each
vehicle entered in the
vehicle array.)
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Column Format Symbol Input
CARD 5§

1-3 13 Num(1) -
4-6 13 Num(2) -

7-9 I3 Num(3) -
10-12 13 Num(4) -
13-15 13 Num(5) -
16-18 I3 Num (6) -
19-21 I3 Num(7) -
22-24 13 Num(8) -
25-27 I3 Num(9) -
28-30 13 Num(10) -
CARD 6

1-12 E12.5 VGAMA -
13-24 E12.5 VXRAY -
25-36 E12.5 VTHERM -
37-48 E12.5 VBLAST1 -
49-60 E12.5 VNEUT -

70

Comments

Azy integer between 1
and 100 of the readers
choice is to be entered
(right justified)

see above

" 1"
" 7"
" "
" "
" "
1" "
" 1"

o1 114

Vulnerability level for
gamma rays (total gamma
fluence)

Vulnerability level for
x-rays in cal/cm

Vulnerability level
for thermal energy in
cal/cem?2

Vulnerability level for
overpressure in psi

Vulnerability level for
neutrons (total neutron
fluence)
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Column Format Symbol Input Conments
A
\J CARD 6
61-72 E12.5 vQ - Yulnerability level for

dynamic pressure in psi

(Entry of a zero will
cause the associated
effect to be deleted
from the analysis.)

s s e Rt WS e s
anr arEn

Note: The appropriate sequence of cards 7, 8, 9, 10 must be
repeated for each burst that is to be treated in the
progran.

CARD 7

-

1-12 E12.5 TIMEX - Incremental time in sec
at which a burst occurs.
(Time begins at time
equal zero and TIMEX

may have any valve
including zero. Bursts
separated by a zero time
increment are treated as
separate bursts.)

13-24 E12.5 W - Weapon yield in KT

25-36 E12.5 HG - Height of ground in ft.
above sea level

37-38 I2 OPT1 0 Option for user to enter
the coordinate position
of burst (right justified)

OPT1 1 Option for autcmatic
placement of the burst
(right justified)

39-40 I2 IODAT 0 Option for printout of
vehicle losses only
(right justified)

I0DAT 1 Option for printout of

all effects parameters
(right justified)
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volumn Format Symbol Input Comments
CARD 7
41-42 12 gPT2 0 C.tion to allow .hange

in vzlocity vector
(allowed only if
OPT! = 0)

0PT2 1 Option to retain
original velocity vectors

CARD 8 (required only if OPTL = 0)

1-12 E12.5 BURSTX - X coordinate position
in feet for burst

13-24 E12.5 BURSTY - Y coordinate position
in feet for burst

25-36 El2.5 BURSTZ - Z coordinate position

in feet for burst

(Coordinates relative to
the common sea level
origin of coordinates
described above.)

CARD 9 (required only if OPT1 = 0 and OPT2 = 0)(multiple card)

i-12 E12.5 VX(I) - New X component of
velocity for vehicle I
(ft/sec)
1524 E12.5 VY(I) - Y component of velocity
for vehicle I (£ /sec)
25-36 E12.5 VZi{Il) - Z component of velocity

for vehicle I (ft/sec)

{There will be one

card 9 entered for each
vehicle in the original
vehicle array.)

CARD 10 (required if 9PT1 = 1)
1-12 E12.5 spe - Spherical probable error
radius in feet
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Appendix D

CSSANE Program Source lListing

PROGRAM GUILE (INPUT,OUTPUT)

PP I T LI N R R Y I R T R P A R R Y

FLOW OF ANALYSIS IS OCNTPOLLED BY FROGRAM GUIDE.

SURRQUTIMES FALLED AY GUITNF ARE TARGST,CAMA,XRAY,THERM,PLAST1,AND NEUT

Py I i I Il T I T I I T I T ST IR I R T R N N R N R P P R S S R X2 2

COMMON/CAPRI/DISFR(1JIZ)4PCSZ(1LL),KTENP, TEMPS,TM(3)y VERIC(1,7),11

i s VBLAST1,VQ, ICRAT
COMMON/GRNO/HZ HG,HR, W
COMMON/POS/°, RURSTX,IURSTY ,8UPST 2
COMMON/INFC/POSX (1L 0),FOSY(122),VX{102),VY(1uT),4Vv2(100)
COMMON/BIT/ PQOyVIS3RHO,7H
DIMENSION NUM(17)
INTEGER COUNT,CYCLE,NPTL,CPT2
ENTER VISI3s LEVEL, HEZQ VAPOR PRES.y ALEECO, HA7E LEVEL
ENTER NUMSBER OF VEHICLES AND NUM3TR CF FUFESTS
FNTER TEMPERATURE VALUES IF NCN-STANDARD ATMOSPHRERE DESIRED
(ENTEZR ZEROES FOR STT. ATY0S,)
READ 22,VIS,P0O,3H0,ZH
READ 21,IT,7YCLE
READ LUSKTEMP,TEMPS,T™
COUNT=1],
D0 1Cuv I=1,IT
VEHIC.T) =2
100 RFAD 22,POSX(T),FCSY(I)yPCSZ(I)yVX(I),VY(I),V7(T)
READ 21,4 (NUM(I) TI=1,1")
PRINT 25
PRINT 26
DO 1C1 I=1,II
102 PPINT 27,1,POSX(T)¢4POSY(I)yPOSZ(I)VX(I),VY(TI),VZ(I)
PRINT 82
PPINT 84,CYCLE
PPINT 36,VIS
PRINT 88,RH0
PRINT 9n,P0
IF (KTEMP,EQ,C) GO 7O 102
PRINT 92
PRINT 96
PRINY 97
PPINT QuU,TEMPS,TM{1),TM(2),TM(3)
132 PPINT 98

ENTER VULMERABILITY LEVELS FOR TYPE VEHICLE
ENTER ZERO FOR EFFESTS TO BE CELETED

~

READ 22,VGAMA,VXREY,VTHERM yVRLASTL, UNSUT,VN
STATEMENT 134 BEGINS LOC® THAT CYCLES ONCE FOR SACH BURST

104 READ 24, TIMEX,N,HG,0PT1,IC0AT,0PT2

R=0
COUNI=COUNT+1.

23
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é NEXT 1M LINFS UPOATZ VERICLE POSITIONS TO TIMZ OF RURST
C TIMEX IS INCREMENTAL TIME
c
1,5 PRINT 197,CCUNT
PRINT 26
AR=0.

N0 109 I=1,1I
IF(VEHIC(I))1.7,4199

177 POSX(I)=POSX{T)+VX(I)*TIMFX
POSY(I)=POSY(I)+VY(I)*TIMEX
POSZ(I)=FOSZ(I)+VZ(I)*TIMEX
AA=AA+1.
PRINT 27 3I,P0SX(I)4FISY(I)PASZAI)HVX(I),VY(I),VZ(TI)
IF (POSZ(I).55.HG) GJ3 TO 1239
VEHIC(I)=.
PRINT 22,1

1¢9 CONTINUR
IF(AA.EN,2) GO TO 31t

110 RFA=11])F(H*¥ ,0L)
IF (OPT1) 3u5,31)9

BRANCH 376 FOR USFR PLACEMENT OF RURST

[ e Neop)

3:C READ 22,8URSTXy3URSTY,8URSTZ
IF (OPT2.2641) GO TO 202
00 3C2 I=1,II

372 RFAN 22, VX(I),VY(I),Vv7(I)

3¢3 PRINT 73
PRINT 78,BURSTX,3URSTY,BURST2
ORPINT 79,446
PRINT 83,TIMEX
GO TO 333

8RANCH 305, SUBRQUTINT TARGET PLALFS BURST ACCORDING TO A SFYERICALLY
NORMAL DISTRITUTION
DIRECT ATTACK QON FIRST OCTUPIED SLOT IN VEHICLE ARFPAY

DOOOD

335 QEAD ?22,SPE
DO 310 I=1,1I
IF(VEHIO(T))3r5,310

216 TARGX=POSX(T)
TARGY=FQSY ()
TARGZ=PNOS7 (I}
GO T0 315

241 CONTINUE

311 PPINT 35
50 70 9.)

C IRC USED TO PRZCYCLT THE RANDCM NUMBER GENERATOR IN TARGET

215 IRC=NUM(OOUNT)
IF {SPE.LT.1GC) GO TO 322
BCINT 72
PRINT 773,I
PRINT 73,HG
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PPINT 8P ,TIMEX
CALL TARGET(SPE,TARGCX,TAPGY,TARGT7,IRC)
GO0 70 323
C FOR SPE LFSS THAN 1)3, FLACE EUPST ON VFFICLE FOSIYITION
322 BURSTX=TARGX
BURSTY=TARGY
BURSTZ=TARGZ
PRINT 76
323 PPINT 74,0 4RUPSTX,BURSTY,RUPST?
33. PRINT 28
PRINT 29,CCUNT,H
PPINT 28
HB=BURSTZ
C FIND SLANT RANGE TO EACH VEHICLE REMAININA AND CHECK FOR FIREOALL
C INTERSECTION (NEXT 19 LINES)
DG 750 I=4,IT
IF{VEHIC(I)) 249,350
240  DISPX=(POSX(I)=QURSTX)*#?2
DISPY=(POSY(I)~-"URSTY) **?2
NISPZ=(POSZ(I)=-CSUPST7) **2
DISPRI{I)=SQRT(DISFX+IISPY+DISP?)
IF(DISPR(IVNLTLFQ) 0 TO 25)
VEHIC(I) =
PRINT 31,1,RFR
351 CONTINUF

COMPUTE EFFZCTS LEVSLS AND DETERMINE LOSSES, (NEXT 10 LINES)

OO0

112 IF(VGAMR)115,12)

115 CALL GAMA(IT.BURSTX,3URSTY,BURSTZyPCSX,PCSY,PCTZ,VGAMA,VEHTC)
120 IF(VXRAY)125,12)

125 CALL XRAY

1320 TFr(VTHERM) 135,149

135 CALL THERPM (VTHERM,PFT)

160 IF(VRLASTL .04 ¢ o ANDL,VOLERWTL) GC TC 170

145 CALL ALASTH

170 IF(VNEUTY175,19

175 CALL NEYT

LCSSES EACH EFFECT FRINTED IN SURROUTINE

OO0

190 CONTTINUE
IF(CYCLE-CCUNT)IONT,205,104

DETERMINE AND PRINT ALL VEHICLES LOST I ENTIRE MISSION PHASE

[ N>Ne)

240 PRINT 67

N0 2L6 I=1,I1I

IF (VCHIC(I))971,2(5,206

2756 PPINT 62,1
276 CONTTNUE
9u0 STOP
10 FORMAT (1H1,liXy*mecwn- VEFICLE PCSITICAS AT TVIME OF 3UPST NUMIER*®,

113,""“"“"",//)
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21 FORMAT (1713

22 FORMAT(7£12.5)

24 FORWMAT (3212.59212)

25 FORMAT{1H1925Xy3dHwwmrom= VEHICLE TINITIAL "ONDITICNS-w=-==- N

26 FORMAT(8H VFHTICLE,12X,1SHFCSITION(XyY4Z) 3 ¥ (FT)¥,11X,27HVELOCITY (X,
1Y,7y (FT/SEC)Y )

27 FORMAT(3X,I3,6Y,3F10s2,3X,3F17,2)

28 FORMAT (/y1X,y 47 (1H¥),/,1X 407 {1H¥))

29 FORMAT (/7Xy* LCSSES FRPOM OURST NUMEES®,I13,2X ¥ (¥9F7,1,*KT)¥)

30 FORMAT (//,13X,*VeHICLE NUMPZR*,312,# IS INSIDE THE FIRFAALL RADIUS
1% ,F5, ,* FEET,*,/10X,* QNO HAS BEIN REMOVED FFOM FURTHER CCNSICERA
2TION.*y//)

32 FORMAT (//41.Xy*====VFHICLE NUMBEP®,T3,¥ HAS INTERCEPTED ¥*,/,
114X, ¥GRCUND LEVEL AND HAS REEN REMQVEC.*)

35 FORMAT (/41X,*ALL VEHTOLE SLOTS ARE EMFTY, ORCGRAM IS TERMINATED.®
1)

40 FORMAT (I1,4F6.1)

60 FORMAT (//,4 h VEHICLFS LCST OVER EMTIRE MISSICN PHASZ)

£2 FORMAT(12%,I)

70 FORMAT (//7/77731Xy 134 (1H=) 3/ 31X 31206 (1H) 3/ 30Xy 130 (1H=) 4/ yFm=m==m WEA
1P0ON RURST POSITICNED RY USER==--- *)

72 FORMAT (/7777 351X 313U (iH=) 3/431X 9134 (1H=} /41X 134 (1H=) /4y ¥ ===~ WEA
1PON BURST FOSTTICNED 3Y SUBROUTINI TAFGET===-- )

73 FORMAT (19X ,*THE TARGE™ VERICLE IS VEHICLE #%,1I7)

74 FORMAT! 38X ,*7URST DFTONATION AT*,510,2,¥FT FRCM TARGET VEHICLT*
1 /9 B8X,*NUCLEAR DETOMATICHN CCORCINATFS ARE®,3F1..1y/)

76 FORMAT( 8X,¥--THE SPE IS LESS THAN 1:" FEET, SURST HAS PEFN PLACED
1 AT THE TARGET COORDINATFS.==%)

78 FORMAT( 8X,*NUCLEAF DNETONATION COCRUINATES ARE¥,F1J.1,%,*,Flb.1,%,
1¥,F10.1)

79 FORMAT (8X,¥AROUNN HEIRHT APOVE SEA LEVEL=",4XyF8.1,% FT¥)

80 FORMAT (39X ,*INCREMENTAL TIME OF BURST=¥,8X,F8.1,*% SEC¥)

82 FORMAT (///78Xs*INFUT OARAMETEFRS--¥)

84 FORMAT (16X ,*NUM3TR OF YUPSTS ENTERED I3%,9%X,I12)

86 FORMAT (L0X,*VISIARILITY AT SEA LEVEL(MT.) IS¥,3iX,F3.2)

88 FORMAT (1.X,*¥ALBSNC (GROUNC RPEFLECTANCE) IS*¥y4X,FB8.42)

90 FORMAT (19X ,*H?20Q VAPCR PRESSURF(STA LEVEL,MYHG)*,4F8,2)

* 92 FORMAT (13X, *NONSTANPA®T ATMOSPHERE ENTERZD¥)

96 FORMAT(LIX,y*TEMPERIATIRES IN CTGRZIFS RONKINE=--¥)

97 FORMAT (/91.%X9*AT SEA LEVEL*,3X,*AT RECEIVER¥,IX,*AT CRCUNN*,3X,¥A
1T BUFST™)

94 FORMAT (1iX,4(2X, F1).1))

g8 FORMAT (17X, *STANDAPD ATMOSPHERE SPECIVIECH)
END
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SUBROUTTINT TARGZIT (SPE,X,yYy7,IRPC )

C FERR R RN R X RN RN NP R RN A S U RN X R R S SRR AR R RN R S NN SR N E N F A VX R RN RN FENE AN RN KR BN L
C SURRQUTIMNF TARGET POSITIONS THRE 3URST ACCCROING TC A NORMAL DISTRISU-
C TION OF £=RQOR
C CALLING PQUTINS IS GUIDF
WX RS E LTS S R R Y Y I 2T T LY RTE T T R TPy a g gugugegupuggge
COMMON/POS/R4BURSTXy31URSTY,BUPSTY
SUMY=",
SUHY=5.
SUMZ=", ’

54

C XYZ IS VEMICLE CCOIDINATE POINT ON WHICH EURST IS TARGETEC

SIGMA=SPE/1,5323
00 10 I=1,1P"

16 X1=RANF (NUM)
DO 20 I=1,2h
X2=RANF (DUNM)
IF(I.GT.12) 0 TO 14
SUMX=SUMX+X2
60 TO 2n

14 IF(T.GT.24) GO TO 16
SUMY=SUHY+X2
GO TO 27

16 SUMZ=SUM7+X2

20 CONTINUE
RX= ((SUMX=564) *SIGMA) ¥ %2
RY= ((SUMY=5,) ¥SIGMA) %2
RZ=((SUMZ=F,) *SIGHE) ¥#2
R=RX+RY +R7
RX1=SPRT(P=RY-RZ)
RY1=SORT (R=RX=R7)
RZ1=SNRT (R=RX=RY)
R=SQRT (R)
BURSTX=X+RX1
BURSTY=Y+RY1
BURSTZ=Z+R71
ENN

A .
it

ki o

A

X

ST TN oA L AU O
IR SL W 3
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SUBROUTINE RLAST1

IR RRERFE RV CE S P AT LN FFIF PR F IRV RXDRERF R R PP YUFPX RS SR ERTFYF IR FFRIT TR 282

SURPQUTINE BLAST1 CCHFUTES THE BLAST EFFECTS PARAMETERS AND MAKES
SURVIVAL TESTS

CALLING FPOUTINE IS GUICF

Qi ASTL CALLS SURRCUTINFS TRIPNT,MCTICN,SETUPLMACURE, AND ATMOS

P I s T e T TR S R R R R e S Ry I R I R R A
COMMON/COARRIZ/DISFR(1D.)4PCSZ (Lul)yKTEVE, TEMPS, TM(3),VEHIO (10 ) ,I
1 s VBLAST1,Vv0,ICNAT
COMMON/GRND/HZ ¢ HG PP, U
COMMON/3IN/POSX1{,P0SY1

OO

COMMCN/TRI/PZ,PG,cE, PZR4PGR,yFRR, SR,FR,SRE,ALPIER,ALP1C,

i R9Q,PBPZ,RyPRRH,INCOMF

COMMON/SENSE/CFS
COMMON/COLC/CF11(2),0522(2}4CF33(2)yCF44(2) yCFES5(2) 4CFR{B) 4CFL(7)
i CF2(7),CF7(7)

COMMON/TAS/ TAB1I (69),TAB1D(HA),TAB2I(62),TA32C{62),TAR3I(6S),
i TAB30(63),TAS4I(18),TA840(18),TA35T(26) 4 TABEN(26]),
2 TAB6I(EQ) , TAREN(59)

COMMON/CON/UL2(7) 4UL3(8),ULL(B)4ULS(5),

1 Cu(?)4CR(7)4CH(?),4C7(8),08(8),09(R),C13(8),C11(8),
2 C12(8),F2(8),FP3(3),A1E(4L41)Y,ACF(13),CF(13)
COMMON/PNT /RAGSTC4PRIP 3 SHE ¢STyXKKyALTSRG,HT 4 XXKX
COMMOM/ZGYP/DELR yOELEPD, DELPRyCONTSNITSXITER
COMMON/TILKUP/LL,,LF,NA(R) g XL (175) yNNEX

DIMENSION F(?)4H{2) 4P HZTEMP(3)4RFO(3)4SS(?)

EQUIVALENCE (PyPZ),y (HyH7) 3 (PRyFPZR) y {RFOZHRKO(1) ), {RHOG,”HO(2)),
i (RHOQ,PHO(2)) 4, (STZ4SS(1)) 9(SSHySS(P)) 4 (SSE,SS(2))
DATA CF11/.599829717,,59G89.,2/5523/

DATA CF22/-481312116J,=-433454L5€7292/

DATA CF32/.,0637367€84,4420153383:84/

DATA CFL44/.173612593,-.70L2235.77752/

DATA CF55/.1373329¢81,...382683822887/

_ OATA CFS/1.85/
Lt QATA CFR/.5,.8)102’106,3061130/
. GATA ‘:Fl/r}."06“‘4‘4,".15259‘0 "]5,‘.:1]7’060']1111 ,to/

DATA CF2/0.60499,142243y¢4725942.519e0b2Uy~edfi304H6064y4/

DATA CF3/410707069=41590249419%4¢354,.5CL08,.577%04,44.591/
RS0=9.2/57.295

GO 13 J=1,18

TABLI(J)=TAB4I(J) /57,796

io TaABLD(I)=TAB4D(J) /57,206

NN=7h

0o 2¢ J=1,69

N=NN=-J

TAR3T(J)=TABLD(N)

24d TAB3D(J) =TARLITI(N)

HOR=HW

PRINT 1555

N=1

30 IF(VEHIC(N}) 24,432
32 N=N+1
IF(NLGTLIT)Y GC TC 1131
GO T¢ 33

78
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24 SR=DISPR(N)
HZ=POSZ(N)
PSL=2116.2177144,
NIT=0
XITEP=G,
XKKX=r,
CONT=",
DELPD=1,
INCOMP="
SRE=C 0
ALP1E=C.9
ST0=1,.,1
RA={ @
ST=0.0
HT=0,C
TSA=0,.,0
KCASE=]
DELP=C
SRSV=SR
129 IF (HB.,LT.25)C%,) GO TO 12D
CALL SETUP (ACF 4142513359090 5098)
CALL MACURE (CF,yHByuy.9is0304LER4CFF)
H=CFF¥*WOR
130 KCASF=KCASE+1
21u IF (HB.LT,251,03,) GO TO 227
- PRINT 1287
PRINT 1299, HB
60 70 113"
222 ALTM=88]{HZ~r?)
IF (SRSV-ALTM) 247,252,2%9
240 PRINT 1442, H8yHZ,y SR
GO TO 1ubd
250 HZ1=1,
HZSAV=HT
INTC=C
FLAG="T,
. SFR=r,
0T=.1
TT=.0
SR=SR/1{ 030,
GO TD0 270
260 IF(HZ.EQ.H71) GC YO 494G
HZ=HZ1
270 NO 29 J=1,3
CALL ATMOS (H(J) y TEMP (J) 9 DEN,ZRHO(J) y TR9yPR(J) , SS(J) 3 VC4KER)
TF (KERWNELL1) GO T 3.0
294 P{JY=PR(J) *¥pPSL
GO T0 351
3ul PRINT 127., JyKER
GO 10 1i.6f
359 IF (KTEMP,EN,0) 50 TN 430
PSL=14.636*TCEMOS/E10,/7
260 D0 277G J=1,3
P{J)=P(J)*TEMP LYY £V M)
PR(JY=P(J)/FSL
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RHAD {JI=RHO(I) *TM(J) /TEMP (Y
7" SS(J)=48,J27TM(]) ¥%,5
L0 pRpZ=pZ/P"
SSZR=S$Z/1115.,44737
PRRH=(PRR /W) ¥*,3223233
PZRH=(P7R/W) *%,3272233
447 IF (SReNRs3e.) K0 TO LG
PRINT 11sA°
GO T0 1063
469 CALL TRIPNT {KCASE;
I (INCOMO,EN.1) S0 TO 1GeQ
551 PBRUFR=(PAR/ (W¥FR) ) *¥#,332233
RP7RWFR=(PZR/ (W¥FR)) ¥¥, 2332333
RBAR=CSR¥PIRWFR
CALL SETUP (TATE]_I,]_,Z,EQ,G,‘,’T,U’“)
CALL MACURE (TARLD,FAAR,40yuyleyLER,SHELP)
IF (H7.dE.H®) GC TO 5o°0
DELF=SDELP*PAR
ALFA=1.y
GC 70 579
56C CALL SETUP (TA3IZT,1429H2s0ai9csuyD)
TALL MACUPE (TA320,P3AR,T4y3935 90yLER,ALFA)
DELP=SQELP¥PROXEIEZ**ALEA
571 TPSILO=DRLP/P?
SFV=SSZ¥(1.0+6I¥TPSILQ/7 ") *¥,5
Q=2.5%0CLP**¥2,1/ (7. 7*PZ+NELP)
CALL SETUP (TA33I51,2,6G,usCsC,y%,7)
CALL MACUPRF (TA%ED’R%!\O,:,3)‘),;,U?LERQTSACAD)
TSA=TSACAP/(SSZR¥F7RHED)
CALL MOTION(NgSFV4SPyHZ14,0TySFRyFLAG,SEPDyTTyH7SAV,SEPOT,,INTCY
IF (INTC.tCs) GC TO <71
VEHIC (N) =7
PRINT 1567 ,N
GO TO 1077
571 SP=SR/1337,
IF(FLAG.LT.24) 0 TO 572
. IF(SEPDT.LT..) GO TO 574
PPINT 149 ,N
G0 TO 1479
572 IF(ABS(SEPC).GT.2°04) GO TO 26"
574 DO 580 JU=1,7
IF (RBARLLT,UL2(J)) 6N To 59)
584 CONTIMUC
TRPZ=4252R19+(1,3/711,21) *ALOG(PRAR)
GO T0 Au°C
5312 TPPZ=Cu(J) *RIAR* ¥ 24(C5 (J) *RBAR+COH(S)
6717 po 617 J=1,8
IF (RBAR,LT,UL3(J)) GO TO 629
6190 CONTINUE
J=8 .
621 THY=C7 (JY*RPAR*¥P2(J) +CA(J) *IPAP+CA(J)
No 63. J=1,8
TF (RRAQLLTL,ULL (Y)Y 50 TN bu)
63¢C CONT INUE
J=8

A7 —
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642 TORZ=C1>(J)*P8A2+*¥p3(J) +C11(J) ¥RRAR+C1I2(N)
PDOOP=TDPZ/ (SS7TR¥EZFUF )
) PMY=5,0*¥EPSILO*SS7/ (7. 0¥ (1,G+€,C*EPSILO/T7.2)*%,5)
PDMV=TMV*POONP
POD=RHOZ* (74746 "*EPSILO) /(7 «+FPSILC)
PROO=TORZ*FDQCP
SP=SP*1°47,
IF{VBLAST1.EN.J.) GO TO 6¢€7
IF(VRLAST1,GT.DZLF} GO TO 663
VEHIC(N) =2,
PRINT 157.,N,DELP,VRLASTL
G0 TO 689
660 IF(VQ.EQ. s) GO TO €3
IF (VQ.GT.Q) GO TO €8"
VEHIC(N)=",
PRINT 155.,N,0,VQ
680 IF (IGOAT.ED,2) GG TO 1.68
730 PPINT 1437,
PPINT 1447 4PQOSX1,0P0SY1,H71Y
PPINT 14504H73S3yTSA;SFV4QyDELP,PMV4FCD,PLQON
PRINT 14ET 4FDOGF,FOMY
IF (HR,LT.25.720.) GO TO 740
GC TO 1062
740 PPINT 1227
1367 CONTINUE
1070 N=N+1
N IF(NJ.LE.II) RO TO 2P
1130 CONTINUE
1167 FORMAT (1H ,///7/741CX, AIHSLANT RANGE FCUND EQUAL TO ZERO IN OVERFRE
1SSURE SOLUTICM PRCCEEDING TO NEXT CASE)
1270 FORMAT (1HQJ; SHATMOS SR,I2,2H =,1I7%)
1280 FORMAT (1H1,///,48%4,37HILAST EFFECTS ARE ESSENTIALLY RECUCFD,//,4°¢
1X,24HTO Z2ER0 AT THIS ALTITUDE)
"129) FORMAYT (1HJ,47X,ShHEB = ,1PE12.%)
1327  FORMAT (1H{3,22X,33HYICLY CORRECTIGN FACTNR IS EQUAL TC CNE)
1430 FORMAT(///77/745X o4 (LH®) 3/ / /45X, LIKF AN OVERFRESSURE SOLUTICN G/

..

. 1NNOT *y/ 945X, 40k" St OBTAINED WITH THE GTIVEM MEYALEATE
20H* INPUT GEGQGMEZTRY ¥9/7 96X LHHE =,F12,5,/,!
30Xy UHHZ =4 E12:597 96LXyUHSR =9E12.59// 45X 4OHY THE PROGRAM WIUI
& PROCTZED WITH ¥/ 45X, U0 H® THE NEXT CASE

S %,,0//45X,067 (1HY)) ,
1430 FORMAT (//7,5X,*SHOCK FRONT PARAMETERS AT INTSRCEPT OF VEHICLE NUMS
1R*,I3)
1440 FORMAT (5X,¥VEHICLE POSITION AT SHOCK INTERMEFT(XyYs7)®y2X,3F L0 43
177)
1459 FORMAT(1H;,10X,SOHRECEIVES HSTGHT AT SHOCK INTFRCEPT (FT)
9F1Caly//7910X,5 HSLANT RANGT AT ShOCK INTERMEPT (FT)
2F104hy//,10%,50HTIME CF SHOCK ARRIVAL (SEQ)
9F104b /741 1%, E"HIHOCK FRONT VELCCITY (FT/SEC)
pF1% 4y 7/ 911X, Sy HPEAK DYNAMIC FRESSUPE (FSTI)
sFLlusliy//y17X,5 HPEAK QVEPPRESSURE (PSI)
sF1Vby// 910X, SOHPEAK MATEPIAL VELOCITY (FT/SEC)
9F10aky /7 31 X, SIHEEAK OVERDENSITY (SLUGS/FT®% 1)
9F13a4y/7,12X,5CHPOSITIVE CURATION OF OVEQDENSITY (SEC)
JFAM L 4)

O NN WY+

81
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1460 FORMA™ (1H2,3X,53FPOSTITIVE DURATION CVERPRESSUPE (SEC)
1 yFl.ely//751:X,5ChPCSITIVE CURATTON FMATSRIAL VELOCITY (STC)
2 sFlidby /)

1490 FORMAT (17X ¥ ==~=VEHICLE MUMRER*,TI7,% TS QUTRUNMING SHCCX FQONT,*)

15.0 FORMAT (13X 4 ¥~~==VYIHINLE NUMBFO¥,13,% FAS BZEN SUSJYECTED TO AN CVY=F
1PRESSURE OF%,/14X,F1 .44% AND HAS 2SEN REMOVEL FROM THE PROGRAM,*,
2/ 410X, ¥=w~=THE CVERPRZSSURE VULNFTAEBILITY LEVEL IS*,F10,.4)

1550 FORMAT (1:X ¥ <--~=VYSHICLE NUM3EOS¥,T3,* +FAS REEM SURJZCTED TC A CYhAr
1IC PRESSURE QF*,/,F1li,bL,% ANJ HAS AEEN REMOVYEC F20M THE ERNAMRAM,*,
27 310X ¥==~=-THE DYNAMIC VULNZERATILITY LEVEL IS*,F12.4)

1555 FORMAT (///,1X,*RCSULTS FROM RLAST EFFECTS COFPUTATIONS®)

1560 FORMAT (//41IX,*====VZHICLE NUMBFER*,I%,% HAS INTE2CEPTED *,/,
114X, *GROUNC LEVEL AND HAS BEEN REMOVEC.¥)
END
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SUBRCUTINE THEXM (VTHIRM,RFR)

IR

z‘ 0 ¥¥ISFERIRFPXIXFFRUEIF YRR LTIIPPRFIRRRN SR FFINETRRRF ILFRAL R R R RN B IR L%
C SURRQUTINE THERM COMPUTES THERMAL ENTRGY LEVELS FCP EACH VEHICLE AND
231 C MAKES A SURVIVIVALBEITY D<TERMINATION.

1N\ C

1 € THERM IS CALLED 8y RCUTINF BLAST1

& C SUBRVUTINES CALLED °Y THEAM ARE TRANS,ATMCS,SETUP,MACURE
,3? C T¥EXRFRARRLFRREFIRIDF IR IURFERDEIRF RN RS SXNFEIF PSS CN R IF R IR YR EFFRREF SR RE

COMMON/BIT/ PGyVISyPHI,ZH
- COMMON/TAPTH/ TaW1(12) ,TRT1(12),TRT2(12},
1AAA3(22) ,AAA2(120)4RR1(39),R32(38") ,TEVL(8),TRV2(8)
COMHON/bADRI/”ISPD(ll )y PCSZ(iu YHoKTEMP,y TEMPS,TM(Z)Y,VEHIC(10%) ,I:
1 s VALASTL,YQ,ICNAT
COMMON/GRNO/HZyHG RO,
COMMOM/POS /Ry BURSTX 3 3JRSTY,,BURSTZ
COMMON/INFC/POSX (1LT) 4 FOSY(103)4UX(100),VY{100),V7Z(107)
CHK=G
HMT=H/1235¢
PRINT 813
HOB=HA
3 CALL ATMOS(HOB,TEMF,D0EN,RHO,TR,yPRySS,VC,XER)
IF{KER.NE,1) 0 TQ 5
IF(KTEMPL,EQ.") GO TO
DEN=DFN¥*(TM(3)/TEMP)I* (518,57 /TEMPS)
G0 70 7
5 PRINT Bi,4KFR
GO TO 330
7 CONTINUE
TMIN= (6o e *{(WMT** ()Y /108G,
TMAX2=4G3% (WAMT**,42)% (DEN**,42)
C DETECOMINE THE THERMAL YISLD (NEXT 13 LINES)
H= HE*3,C4LBE~4
TEFF=E..P((=3,57971223C-1~848i4057E~3*¥H+7,13° 87 1E~4*H*H-1,25480 "E=5
IH¥H*H46,42325E- S‘H*H*H*H)*Z.vuZSBSCQE
IF((1.5%¥RF3) ,LT,HE) GO TO 15
C GROUND RUPST CONDITIAN
. WTH= ,32%W*1,F12
PI=2.%3.14106
CHK=1
GO 70 29

ATIR PURST CONDITION

D00

15 RTH=(TEFF¥*H¥* ,943) %1 ,212
PI=4,*3,1416
CHK=2

20 N=1

78 BEGINS LOQP TO TEST EACH VEMICLE

(e NeXe!

78 IF(VEHIC(N)) 85,80

B0 N=N+1
IF(NLGTLII) GO TO 309
G0 To 78

85 OMHP=

il
5, o

| 5o
e
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ae=0
C VEHICLE FOSTTTCN AND SLANT RANGE TO PURST AT TIME OF 2ND MAX.

PX=POSX (N) +VX (N) *TMAX?

PY=POSY (N) +VY (N) *TMAX?

PZ=POSZ(N) +VZ (N) ¥*TMAX?

OFELX=A83 (TURSTX~PX)

DELZ=BURSTZ-P2Z

DX= (BURSTX~PX)*¥2

OY=(PURSTY-PY)**2

DZ=(BURSTZ~07)*%2

DZZ=(PZ-HG)**¥2

SRR=SORT (DX+0Y+022)

SP=SNPT(OX+0Y+0D2)

SRMI=%R/G28(
: SRCM= (SR*¥12%2,54) ¥*2
. IF(HR,GT,550Ju) GO TO 13°
N ¢
g C DETERMINE THE REFLECTED THERMAL ENERGY (NEXT 15 LINES)
C

e e e,
&AL DA
b BAERNEY A

PO
AT

S

w.“
S
e

s

-
e
S

IF(HR.GT433.12) GG TO 4%
IF(CHK.EQ.2) GO TO 25
SRN=SP/3FR
F PFE=ACOS({PZ-HG) /5P)
4. CALL SETUD (BAN1,1,53,12510,04C,0y0 )
L ¢ CALL MACURE (AAA2,SPNyPFLy0y3909d9LERYGAM)
n?, GO YO 39
p 25 XRO=PELX/ (HR=HG)
o HRO=(PZ-HG) / (H3-HG)
St CALL SETUP (RB1,1,3,19,2C43935C,0)
H CALL MACUPRPE (882,XP0,HP0yGy. 9090 yLERGAM)
30 TYPE=1
CALL TRANS (TYFE,FZ,SR,SRRyCHK,TR)
U REFLECTFD THERMAL FLUENCS IN CAL/CM2 FOR AIR OR GRND., QUPST
SRRCM= (SRR¥12,*2,54) **?
QR=(WTH¥ TR¥*RHO¥*GAM) /(PI*SRRCH)
40 TYPE =2
. CALL TRANS (TYPE,FZ,SR,RRR,CHK,TD)
QOFF=(WTH*TDY Z/(PI*SRCM)
ODFFUN=ATH/ (2I#*SROCM)
C DIRENT FLUENCE (CAL/CM2) NORMALLY INCICENT ON HORIZONTAL RECEIVER
QDN=QOFF¥ (ABS(PZ=HR) /SR)
IF(PZ.GT.130%35) PRINT 865
IF(DELZ.GT..) RO Y0 5"
QMHR=QR+NON
IF{VTHERM,GT,OMHR) GO TO 50
VEHIC(N) =
PRINT 860, Ny IMHR, VTHERM
GO TO 1590
50 IF(VTHERPM,GT,00FF) 0 TO 159
VFHIC(N) = )
PRINT 860y NyNDFF,VTHEON
GO T0 150

c
C COMPUTATIONS FCR HIGH ALTITUDE RURST (HCGB>50300 rT)
c
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100 TF(PZL,LT.53C10) GO 70 izt
GNFF=WTH/(PI*¥SROM)
QDFFUN=QIFF
QON=QDFF*{(ABS(92Z~HP)/SR)
IF(VTHERM,GT.COFF) GN TO 161
VEHIC(N) =)
PRINT B860,yN,0FF, VTHZIRM
60 TO 1598
120 CALL STTUC(TAV1,149258 439050424 %)
,’, - CALL MACURE (T:}VZQHOB,\;’u,ﬁ,G,G,LER’FUV)
STHET=  i2-P7)/SQ
.\ SSTH=STAELT##2
R=G9987,/STHET* (1, -EXP (=4 E5E=6% (HA=28200,)))
IF (PZ.6T,282L3) 60 79 129
R=R+31746, /STHET* (EXP(~2,15E=-5%P2) =, 414)
120 QDFF=WTH/ (SRCM* (HB=PT7) ¥*#2) ¥ (FUYV¥EXP (=1, 31E=4*R) +(1=-FUV) *EXP (=1, 31t
1-6%p)) *35STH
QOFFUN=HTA/ (PI*SRCM)
QON=QDFF* (k8-P7) /SR
IF(VTHERM.GT.NIFF) GO TO 1650
VEHIC(H) =2
PRINT 862yN,NDFF,VTHERN
150 IF(INDAT,.cN.Y) GG TO 250
PINT 8794N
PRINT 875,00FFUN
FRINT 83C0,H8,SRMI,TMAY2,00FF,N0ON
IF HB«GEL3CLLL) 60 TO 260
PRINT 891,QR,NYHR
250 N=N+1
A IFIN.LE.IT) GO TO 78
332 CONTINUE
800 FORMAT (1.Xy¥====ATM0OS SURRQUTINE ERRCR NUMBER¥,17)
810 FORMAT (1H],1X,*RESULTS FROM THERMAL EFFECTS COMPUTATIONSH)
860 FORMAT (3H7,9X,*--~=JTHICLE NUMBER*,I3,* HAS FEEN SUZ.ECTED TC TH:
IRMAL FLUSNCE NF*,/,14Y,F10,4,* (CAL/CM¥*2) AND HAS SEEN REMOVECD &0
2M THE PROGRAM*,/,1(X,*~==-~THE THZPMAL VULNERARILITY LEVEL IS*,F10
. 3by* (CAL/CM¥¥D) %)
865 FORMAT (14X,*¥ (USSR WARNING-RFNEIVER ABOVE 1°0 KFT~-THEQMAL VALUES
1COMPUTED THIS CASE HAVE PEEN SUBIZCTEC TO EXCESSIVE ATTENUATICN.)
2)
870 FORMAT (// (SXy*THERMAL EFFECTS FARBMETERS FOR VEMICLE NUMBER¥,13
177)
880 FORMAT (1HJ,9X,50HHFIGHT CF QURST (FT)
1 JF10.44//75L7X4y5 HSLANT RANGE AT TIMZ OF PEAK RADIANT POWER (MTI.
2 sF13eby//, 10X, 5{HTIME T0 PEAK RACIANT PQOWER (SCC?
;3 2 F1Ceb /791X, EFTHDIRECT FFEE FIEL"™ FLUENTE (CAL/CN2)
4
5

FITIs Yorn sty ey

PRSMESE At Sy v

2FLa by /7 513%, 5yHITFECT NCRMALLY INCIDENT FLUEMGCE(CAL/CM?)

' 9F1.aly /910X, *{NORMAL TC A FLANE HORIZONTAL RECEIVER)*®)
830 FORMAT (JLH3,3X,50HREFLECTED FLUENCE (CAL/CM¥*D)

1 ,7L0.49//7910X,5 HREFLECTED + DIRECT NORMAL FLUENCE (CAL/CM2)

2 9F10e0by /910X, * (CCMPUTEL ONLY IF BURSY “ELOW RECEIVER)*)
875 FORMAT (1H47,9X,57HUNATTENUATED FLUENCS (CAL/CM2)

1 FideW)

END
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oy EsNrNoNoNeoloNoNo e NoleoNoNeoNe!

i3

SURROUTINE TRIPNT (KCASF)

I T Y I T R N I R Y

SUBROUTINE TRIPNT CALFULATES LIMITING ANGLE FCR RESULAR REFLECTIO
AND PREDICTS HWHETHER RECEIVER IS IN OR QUT OF THE FUSS3 SkQ°K
REGION

ROUTINE RENUIREMENTS~
NUMEROUS PARAMETERS FCRM MATN RCUTINE THRCUGH G OMMON
CALLS SUABPQUTINES SFTUP AND MACURE

CALLING SFQUENCE
WHERE -
KCASE=1 FOR CVZRPRESSLRE SOLUTICN
2 FOR TRTIFPLE FCINT FATH SCLUTION
3 FOR RANGE SNLUTION

L Y S I Ry 2 R EE R S S R

CALL TRIPNT(KCASZ)
COMMON/TRI/P7,PG,PR, PZ7;PGRyPPR, SR,FR,SRE,ALP1ER,ALP1T,
1 R34 FBPZ,RyPRRA,TNIOMF
COMMON/G?ND/ﬂZ,HGyHD’J
COMMON/SENSE/CFS

COMMON/COLD/CFli(Z),CF22(2),CF33(2),CFQQ(2),CF55(2),CF°(6),CF1(7),2

i CF2(7),CF7(7)

COMMON/TAQ/ TAR1I(c9),;TAR10(69),TABRI(E2),TAB20(R2),TABZI(£9),
1 TAB3L (69 , TAPLT(18),TAB40(18),TABS5T(25),TARED(26),
2 TA36I(69) ,TABFN(ATY)

COMMON/CON/ZUL2(7) ,UL3(8),UL4(8),UL5(5),

1 Cu(7),C5(7),CE(7),CT7(8),CR(B),L3(8),C13(8),C1L(R),
2 G12(8) o P2(3) gF3(4),A415(41,ACF(13),CF(1?)
COMMON/PNT /RASSTOyPHIR ySHE ST, XKKy ALTSRG,yHT 4 XKKX
COMMON/QOVP/DZLP 4GELPO,PELPRyCONT,NIT,XITER

OIMENSION ALPHA(41),IED1(5,3),I0(28)

BATA(IHEDL(J)9yJ=6,1C) /5TH TRIFLE FOINT PATH SOLUTION

b /

DATA (IN(J)4J=1,22)/72HSRy2HHZ 4 2HHG,y 2HHBy1HW, 3HTSA,2HF R, THSFY,

i LHDELFy3HPMY;; ZHPON,EHSDELPy 4HREBAR, IHR,LHALFA,3HSCZ ,6HALPLE,
2 3IHSTO9y2HRA§ ZHSTy PHHT 4 SHPLOOP  UHFPCMV 3 4HPOCD, LHO , LHRHCZ,, 3HSS 7,
3 3HCFF/

PCPRB=PG/PR

ALT=(H3-HG)/17)3,°
R=145,3¥W* ¥, ,4/10704.)
SHB=ALT*PORW
SHBB=ALT/W*®*¥,3333

IF (SHBB,6T.2.5) 60 T0O 97 e

IF (R.LT.ALT) GO TO L

FR=1,6

IF (SP.,E0.,24) GO 70O 5

XK=ARS (HZ-HRB) /(SR#*1CT L0)

GO TO 6

XK=0

IFC(APS(XK~1.))eLE60302) XK=1,

IF (XKsLZe1.0) 0 TO 180
G0 TO 154

XI=C.C

RBAP=ALT*PRBPHW

U
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CALL SFTUP (TAB2T14142962y:4Cy54L42)
CALL MACURE (TAS20,R3ARyL{s09d5c90sLERJALFA)
N 00 8C J=1,41
ALFA=",
XI=XI+J.12%
IF (X1.6T7.1¢0) XI=1,.)
NELFPG=PG/XT~FG
2n SDELP=DELPG/ (PRR*EGPR**ALFA)
DOFLP=-DELPG*ALOG(PRPRY / (FBR¥*PGPR**ALFA)
K=1
IF (SDELP-CFS) 43,3r,2(
3n K=2
Lt PPP=CFLL1(K)+CF22(K) *ALOG17(SDELPI+CF3IT(K) *{ALCGLI(SOELP) ¥¥2)+CF 44 (
IKY*(ALOGL. (SOELE)**2)+CFSS(KY¥ (RLOGLI(SDELP)Y *¥4)
QPAR=1 ], ¥*FPP
AA=ALOGLA(2,71823)/SIELP
BR=Z2, YALCGLP (SNELP) *AA
CC=3+¥(ALOS1L(SCELF)Y #%2) *AA
OP=4,* (ALOGL" (SDELP)**2) ¥ Ap
DPDX=CF22 (K) *AA+CF33(K)¥BR+CFLL(K)*CC+CF55(K) *0D
DRBAR=RIARFALOG(13.)*0PNX
CFL=0.
00 58 1I1=1,5
IF (RRAR-CFR(II)) €5,50,50
51 CONTINUE
1I=7v
: CF4=-,338
6" SHMF=(CFL(TI)*RIAR+CF2(IY) ) *RIAFP+CFI(II)+CF4+*ALOGIJI{RAR)
CAPD=2,*C1(IT) *RIACICF2(ID) +CFL*ALCG1L (2., 71828} /RIAR
CAPQ=CAPD*DPRAR*DNELP
ALFO=ALFA
ALFA=(SMF-ALFQ¥CAPM / (1. ~-CAPN)
IF (ABS(ALFA=-ALFC)=,0 1) 72,77,21
73 ALTSRG=LLT/(REBAR* (W/PORY#*,3323533)
IF (ALTSRG.GT.1437) 50 TO 8L
ALPHA(JY=ANOSLALTSRG) *57 ,29%
. IF (ALPRA(JDYLGTLALE(JY)Y GC TO 4290
31 fONTINUE
gn IF (KCASEZ.NEL.2) GC TO 1lw
INCOMP=1
PRINT 237y {IHFN1(J,KCASE) 3d=1,5)
PRPINT 211
PRINT 223,48
RFTURM
149 FR=1,0
IF (XITER.GT41,e0RWNITLGT1) 60 10 117
112 XK=ABS (HZ~-HR) /(SR*117;7,7)
IF 1 (ARBS(XKels)) olEWe . 2287 XK=%,
IF (X< LEs1:.) 5C 70O 2180
GC TO 1951
o IF {(JUeNLo1) GO TO 130
ALPLIF=A1T(Y1)
GO TO 140
137 ALPLE=( (AL () =ALE(U~1)) ¥ (ALPHA{U=L) =A4E(J=-1) V7 (ALE {J) = B1F (U~1) -
1PHA(J) #ALPHA (J=13 ) +A15(J))




i’

167

17

130
1940

2y

219

220
2Ly
25"
260
274

~1

[ 397
1)
(&3]

A PLEF=8LPIL/57,.,29¢
SREZALT/COS(ALPLER)

F (KCASS.5Q.2) GG T2 18"
ALPHI=ZRA?

FO(H7 JEN.HP)Y 50 TO L7¢

(K= ARS(H72=-KE) /(SR*1117.7)

TF O ((ABS(XK=1,))eLE.e.02) XK=1,
FO(XKeLZele) 6O TO 164

. PPINT 2040, YK

PRINT 257, 10(7) ,H,I0(7),0ELP

PPINT 251, I0(2)4yHZ,TIN(3),¥h

PPINT 2560,I0(4) 4HP,ID(1),SR

PRINT 261

neLpoD=pzLe

CONT=CONT+1,

TRINT 27190

(KK=YK

(KKX=¥K

TETURM

(KK =X

(K=DdSIN(XK)

1F (HZ,LT.H42) ALPHI=ALPHI-XV

IF (H7 GT HA) ALPHI=ALOH]+XK
PLPHTIR=ALPHI-2LPLFP

TALL SETUCO (T",“QI,l,Z.ld,C.C,L,Q,’,)
“ALL MACUPE (TALO,ALPHIR,uy. e 30y ,LEP,PHIR)
CA=SPTACAS (ALPLER-PHIR)/CCS(ALFHI-PHIR)
SA=ZAPS(RA)

Fr=1,0

F (RA,GT.S2) GO 70 177

CALL SETUP (TANS1,1,2,¢6450493,0,0,43)
ALt MACURE (75150,549’QQL’;,Q)U,LeRpr)
“F (SHB,LT.1.54) GO Tn 19n

TF ((SR=QA).LTeuel) GO0 TO 19}
FR=2433~-J),725*RIAR

AKK=XK

RETURN

FORMAT (1Hi,45Y,S5A81C4/7/7/)

FORMAT (1HJ,///7,u48X,3SHINPUT CARAMETERS ARE NCT COMPATIBLE,//,48Y
134HFO>® THT TAIOLE POINT PATH SOLUTICNY

FORMAT (140,u7X,5HHB = 41FF12,5)

CORMAT (38M **3ARG OF ASIN (X) CUT CF RANGE. X=9E16.8977/7)

TORMAT (4H0,22Y,2(4X,46,1FE12,.5))

SORMAT (AXy/77771)

FORMAT (17X,66HTHE TNPUT GIVEN IS INCCMPATASLE WITH A POSSIBLF FH
1SICAL CONDITION,//,1)X,39HTWO ALTERNATE SETS CF OUTPUT ARE GIVENe
2/ 91Xy H6LHL-RECSTVER OIRECTLY AEOVE CP PELOW THE RURST DEFENDING O
3 THF 3/ 4316X,57HINTTIAL ORIFNTATION OF RECEIVER WITH RESPENT TQ THE
LBURST,//,14Y,H64H2=THE ALTITUOJE AT WHICH THE OESIRED GUST OR OVEFRF
SESSURE OCCUFRSy//33UXy1H* /330X yaH® o/ 43UXy1H* 3/ 930X y1HY 4 /431X, 7H"
6;;8",/932Xg5H“"'./s33X.3H“'./c$hX.1H‘)

88
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SUBROUTINE TRANS (TYPT,PZ;SR,SRR,CHK,TT)
COMMON/TABTH/ T8W1(12),TBT1(12),TRT2(12),
1AAAL(22) yAAA2(12J),B31(39),332(382),TEVL(8),TRV2:8)
GOMMON/BIT/ FOyVIS,RHM,7H

COMMON /GRND/ HZ,HG,HR,H

ZS=HR

HL=HG

E1=EXP (=4, 57E-5%7H)

E2=EXP (=44 57E=5%F7)

E3=FXP(-4,575-5%2%)

EL4=EXP (=44 S57E=~5¥HL)

IF (TYPE.£0.1) GO TO 830

C COMPUTATIONS FCR DIRECT TRANSMISSICN (NEXT 2% LINES)
C NON-COALTITUOS CASE

<

O

25

50

75
139

COoA
3380

325
400

COM
Ryl

82%

850

CTHETA=(PZ-75%/SR

IF (ARS(CTHETA) LE..J"1) GO TC 3d¢
IF{HB.LE.ZH) GO TO %3]

IF (PZ.LE.2H)Y GC TO 25

TH=1,

TR=EXP(-»4u85/CTHETA¥(S3~-E2))

GO TO 170

THEXP (-18L¥*SR/Z(VIS* (LS-FZ))* (F2~E1))

TR=EXP(=4. 875¥SR/(ZS~P2) *(EL1~-E2))
G0 TO 170

TF(PZ.LE47H) GO TO 75

TH=FXF (=10 .4/ (VIS¥CTHFTA) ¥ (£3~-E1))
TR=EXP(.0875/CTHETA*(S1-E2))

GO TO 1490

TH=EXP(~16. 4/ (VIS*CTHETA) #(F3-E2))

TR=1,

XXW=2.3*PO/CTHETA* (13%¥(~€41E-5¥%2S)-10¥*(~6,1E~-5¥P7))
GO TO 173C

LTITYDE CASE

IF(ZS.LE.ZH) GO T0 326

TR=EXP ((~L E~6) *R¥*EXPL((~4.,57E~-5)1%2%))

b0 TC 479,

THEXP( (=7 45E=4) ¥SR/VIS?EXP((=L57E-8)*¥P7))

TR=1.

XXW=(3,23E-4) ¥PO¥SR* (10¥% (~5,1E~5%2%))

GO TO 148:

PUTATIONS FOR REFLeCTED TRANSMISSION (NEXT 18 LINES)
CTHETA=(PZ-HL) /SRR

IF(ABS(CTHFTA)LS.e 31} GO TO 850

IF(HRLLEL.7H) LG9 TC 85*

IF(PZ.LE.ZH) GO TO 825

TH=EXP (=154 4/VIS*¥ (EL=F1) ) *EXP (=16, 4/ (VIS*¥CTHETA) #(E4L-E1))
TR=EXP (= e 875 (EL-E3) Y ¥EXP(~o 0875/CTHETA¥ (E1-F2))

GO0 7O 949

THEEXP(~1lo 4 /VIS¥ (EL=-EL) T ¥EXP (=18 4/ (VIS¥CTHETA} *{Z4~c2))
TREEXP(~,Ji875%(E1-E3))

GO TO 940

IF(PZ.LZ.7H) GO YO 875

TH=EXP (=16 4/VIS¥ (EL4=E ) ) ¥EXO (=16, 47 (VIS*CTHETA) *{F4=E£1))
TR=EXP (=4 . 875/CTHETA*(£E1~-E?))

LS —
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60 Y0 949
875 TH=EXP(-16+L/VIS* (E4~E3) ) ¥EXP(~16,4/ (VIS¥*CTHETA)*(E4L-E2))
D TR=1,
3310 XXH=2.3¥PO¥ABS(10¥¥ (~F 1E-G¥HL) ~13¥*(-6,1E-5%7S)) +2.3¥PC/CTHETA*
1(15%¥ («641E-5%HL) ~1C** (=6 1F=5%PZ))
GC TO 15880
950 TT=0
RETURN
C FIND TRANSMISSIVITY FOR INFFARED (NEXT 11 LINFS)
c
1308C IF(CHX.ER.2) GO TO 1J)99
C GROUND RURST CCNNITTIIN (ASSUME 304C BLACK BORDY)
FV=a41
FIR=.9
CALL SETUP (T9H1,1,2,12,0,'1,G;u,ﬂ)
CALL MACURE (TBT1,XXWHy2ydylyTyCylLERyTH)
60 TO 195
C AIR BURST (ASSUMZ 6702Pny
1790 CALL SETUF (TBW1,1,2,124(43,3,0,0)
CALL MACURE (T8T2yXXW, 3,090,050 9LER,TH)
Fu=,50
FIR=,.5(
C FIND TOTAL TRANSMISSIVITY
1095 TT=FV¥TR¥TH+FIR¥TH¥(,7+.,3*TH)
END
SUBROUTINE MOTICN (NySFV,SRyHZ1,DT9ySFRyFLAGySEFD,TTyHZSAV,SFPDT, INT
10)
COMMOM/POS/R,BUISTX,,3URSTY,HBURST?Z
COMMON/GRNO/HZ4HG 4R, W
COMMON/INFOQ/PCOSX(1LL) 4POSY(LdM) VX (1u") VY (10D),VZ(1L))
COMMON/BIN/POSX1,FOSY1
TT=TT+07
POSX1=POSX(N)+VX(N)*TT
POSY1=POSY (N) +VY(N) *TT
HZ1=HZSAV+V7 (N) *TT
IF (HZ1.Gt.,HG) GO TO 10
. INTC=1 .
130 SPSAVY=S*1473,
DX=(POSX1-BURSTX) **#2
DY=(POSY1-QURSTY)**#2
NZ2=(HZ1-BURASTZ) ¥*¥2
SR=SQPT(CX+CY+C7)
C FIND PATE AT WHICH SHOCK FRONT IS CLOSING CN VEHICLE TN TIMF OT,
SEPD=SRSAV=SFR
SFR=SFV*TT
SEPDY=5R-SFP
DSEP=ABS(SEPN) ~-AQS(SEPDT)
IF(DSEP,GTL0.) GO TO 12°
FLAG=FLAG+1.,
120 IF(SEPUT.0Telse) K0 TN 170
DT==0T71/13,
RETURN
130 VCLOS=ABS(3SEP)/ARS(NT)
DT=SEPOT/VCLOS
07T1=0T
FAN
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QOO0

BLOCK DATA

XFREFIRRRIFIFIFIFRFFPIIDIRNEIFINFRIFFEIRIFIRTBIFFIREFXXNFXEIRFIFFRRRPRYRRRRFZRERNR

BLOCK OATA CONTAINS TARULATED VALUES LSED IN THE MAIMN PRCGRAM

AND IN SUBRQUTINES TRIPNT,BLAST1, TFRANS, AND THZRM

LR S AR PE R R EEE RS ELEE R ELELEEERELEREEEEEEEELEIERE R TR EEZELEEE LT

COMMOM/GRMC/HZ HG 4HO U

COMMON/TARTH/ T3W1(12),TFT1(12),T3T2(12),

1AAAL(22) ,83A2(123),832(39),832(382),TEVL(8),TEV2(3)

COMMON/TRI/FPZ,0C,FF, PIRyFORZPERy SIyFRH,CRE,ALPIER,ALPLT,

1 RAC,PBPZ,R,PPOU

NOMMON/TAS/ TABL1TI(EC),TAR1ID(59),TABZI(E2),TABCN(62),TAR2TI(£9),

i TAB20(€9),TAPLT(18)4,TABL4D(18),TABCSI (26) 4TAR50(26),

2 TA361I(69),TABLD(59)

COMMON/CON/UL2(7) ,LL3(8),ULL (%) ,ULS(5),

CL(7) 4C5(7),CE(7)4C7(3),C8(R),C3(8),CL13(R),CL1(8),
C12(8),P2(8)Y,FP2(8),A1E(41),ACF(13),CF(1L3)

DATA (TA31T(J),J=1,69)/
QUSL’ 02625’ 0375’ .3875, ci&j, 0125, 915;, 0175, .2v 3
225y 4257 5278, 4370, 325, 350, ¥T75, Jbidy LG5
e5.09 5503 +FBLLy B0y  4T3ls  «7509 9 Ty B85, «90C ,
855y 1.3u0y 1.1C5, 1,221, 1.357%, 1.492, 1.F65, 1.822, 2.0L14,

24220y 24UB.y 24718y 3.LTlhy 34327y 24669 440355, L.uP2, 4,087,

Seli7lhy 64357y €eH86y 70389y de1ERy F4025; F,974,11,023,12,182,

713,464, 14.887,1€.445,18,174,20.038€9224198,24.°32427,113,423.964,

833.115,35-553,4J.bh?,“b.?}i,GC.@JJ,lGJ.30/

DATA (TASLC(J)4J=1,69)V/

1172004y 82% 4y 424L4y 24974y 16604y CGL0sy 5454y 3IDuey 24E.,

2 186¢y L4bey, 1.74y B88e8y 735y ©82.75 5SU4.5, UB.Dy 26.by

3 2943y 2441y 2042y 1742y 14,85 12.9, 11.3, 9.9, Be?y

b 7.9, 7.0y 642y Se2y Loti5y .83y F471y 2,85, 2443,

5 2418y 1485, 1.62y 143, 1.77, 1.12, 0 Q8 « 87, o 77,

6

7

3

N >

[o 0NN 2 IS RN B N

B8, N 53, U7y ol «36y 022y 228y 4252,
«222y 4198, 174, 156y 4129, 124, 4113, 170y L1991,
o083y 4. 7555 4.69y 4uB3y +.57Ly 4333/

DATA TAR2T/

i u.,.l..?,

2 o3C9 035’ vl .45, -50, 055, «H 3y 0:5) .7ﬁ, e 75, 08”, 08:, i
3 495y 140y 145y 240y 2e54 300Gy 345y Laely 4459 Sels 5e59 Holy, &S,
b 7.0’ ?05, Ro;’ 8.5, 90J¢ 9.5, 100, 50’ d]o’ 25.7 300, 35., “:.y
5 4549 504y 554y Blsy H65c¢y Tiay 754y Biey BBey Sley 95491 dies1504y
5200»,25¢o,303.,35)0,“JG.,“5LOQSqu/

DATA TAR2n/

1 .02.,4.30625,4.125%,
2016“0,0215J,02“61,;2q75,03323103653’03910’.“1q:90435370bs?:,,bbuJ,
3eb8%Cy) a497 3544937,,535054549354562794566049.5677,,5067,.565., = _.,
BeBBR M 9591 1545835405590 9458B8)19e5575,5¢557u9455F7 3435UuyeB5Dy,557,,
5eOhT %y 454279453909 ¢5235J09453305.5317,45297445275,4526046923094F223.
6+¢5210,452 39e5130),545183545177345160545850uye50¢{44572)344S97,,494]
Te4920,4,48974,0377,,4L8%7/

DATA (TABLI(J)yJd=1913),(TARLD(J)yJ=1,18)/

i COQ, 505, 10019 15.0) Zno-y 250:9 3009, 35.)9 QGO?, QSQ-,

2 BLedy Bueuy 735e0y 8"avy Queigyldlegll e.y912543,

3 veuy OoL, 3«25, ﬁoSC, 1.0, 20”, 3.5, 5.09 7.1, Q.S,

L 12,5y 2040y 284Ly 3645y 4543y SL.54 B3.3y 72,3/

DATA (TARST(J)yJ=1,29) 3 (TABSD(J) yJ=1,26)/
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vedy u.ly V42, NLeldy Tely LeSy vueby Ue?y ve By ¢
1sdy 1.1, 1.2y 1.3, 1.4, 1.5,y 1.6, 1.7, 1.8, b
2.0y 2.1y 242y 2.3y 2.4y, 2.5,
1.58, 1.582y 1.75y 2.€2y 2429, 2.9y 345y 4,3y S.70y Sebny,
5e5hHy 5433y LLE, 3,51, 338y 2,45, 2.12, 1.86, 1.65, 1,57,
1.3y 1,75y 1416y 1408y 1403y L1407/
NATA (TAQRT(J),J=1,631/
05y « €25y, o« 75y 43875, 4133, 125, 150, 4175, .2C.,
0226, 025'9 02759 ?CJ, 0325, .u)O’ .275’ o“o?, 0“5 [}
oqCU, &55), .SLL, 0650’ 0757, 0750 08{31 0593, ogﬂ.,
0950, 1ocl .y 1.1C5, 1,221, 1.35", 1,492, 1,649, 1,822, 2.C14,
2.225, 2.U46., 2,718, 3,004, 3,327, 2,669y 4,55, L,LRZ2, 4,957,
5,474y H$.05., H,H86, 7.789, B.165, 9,025y 9.C7L,y11.523912.182,
713.LbBLy1le 33, 9523e 5y 8,17U,27,0869224298,2445329274113929.964,
83?.115,36. 59:‘1‘4{10““7' 0‘0.7[115').0““,10“000’
DATA (TARBC J),d=1,69)/
1600062, e7 717600 1759¢3.255940.635,0(638y42069L,,010L32,.719F,
2o (255‘,.]3’\5,.uh"2,.0k°43,. 58““,00‘853,ou7°d“,ou°055'011“81,
310105, .1697G,)4193€ 1, 422955,426172,,2C5013,32C29y,300L45,.0.00L1,
be “371L,.Q75Lb1 555, 06“6' o 7L, + 864, ¢« 994, 1e1b, i, 3&,
5 1,48, 1.69, 1.9, 2.15, 2?43, 2.73, 3.L7’ 205, 3.86,
5 “032' “057, 5-“&, 60&2, 6071’ 70“7’ 50?2’ 9025, 10029)
7 11443, 1269y 14e(Qy 15.FUy 17,74, 1S.23, 21.32y 23,62y 2hs17,
8 28,99, 32,11, 36,55, 9,36, LU,1T, 9 40u)/
DATA(”"(J),J 19720/ e T 5ad8el59Tehpla?93e891. 47y

OV N E Lo

oYV & NN -

1 (UL3(J) 3 J=198)/:43755eC91e7 926570 (,10..,17.,,J t/,

2 (UL“(J)yJ=1'3,/o2‘,205,-%591.12,1-51“0 ircs!uo./'

3 (ULS(J)yJ=1'5)/c255|o“?,1068,50867375.0.0/

NATA (CL(J),Jd=1,7)/

1'072“616"0Q%"032,0“15667’-0.7129“’-00?765q"0031397/

DATA(CS(J) 9J=147)3(CHU ) 9Jd=147) 9 (C7(J)yJ=148),4(CARIJ)9J=148)/
1.08"499,=a 11394137, =,220R27,,277328,, B0393U,,.c9527,
2-167C56'016Q2’0J72“,01“5.)00217“9101718“7,0272H““'
3.1608751‘.6;6r61’10b“,059777q'0638592’003"0'0&3753,760202,
410813869 ,-3.7545UBy =3 1hy)~eBU2C23y=a11L222,=C (2167504097

DATACCA(U) 3J=143) o (CL:(J) 9yJ=148),(C11(J),yJU=1,P),(C12(J),J=1,8)/
12.040L3,3,928738,3.22,1900LLL5,1,0L22027,1,064650,1,.5620G,41.C,
2141538469y =€.29072,=243571434=34.555hH,461842144105.667,=4(7178276,4-3,
39=e0023U0y 7430549343571 964)1C0LL,y=1,8(976,y=, "E5UBDBT, ,:224:69,0,0,
Q.ﬂihﬁ;ik,-1.637q71’ 03“5,‘1 3”889 20-5119,1011#51055“2071100/

NATA (P2(J) yJ= 1,8),(P3(J) J=1,8)/

1 5'2.,1.,30’ 3., 7'2.,'2./

DATA (AlE(J),J=1,Q1,/

1 G04C0y3Y9¢6973¢04439,2,39.7y293.7,39,0,72C40939¢1939:¢7939¢%,39,6,29.9,
2 GCoa0ylDoygyb.e7yu41,0,01, I L1, 6y 42,4470 402.7 “3..,“3 Eolblo0ylbl o5y
3 LS eJ9lbeuvsl TNyl yhQ, 5,5u03,520 950,095660958409BU5908.5467.5

b 740,490,010/

DATA(CF(J) 9J=1913)7/1039e9850963491754R2,e66ye4745¢e343y 4265,

1 +213194175,.403,0./

DAYACACF(U)y J=1413) /725000 eyS00CN49BE500497503744987530491027030,,
1 1125704912500 0491375 Ca91500304916250049175,0.092500 2047

NATA (TBWL(J),J=1,12) /
10.’1”0’_0.’\J.’QGI,SOO’SDO,Eﬁ.’iog.’lzol,ihp.,1500/

DATA (T3TL(J)eJd=1,412)/

1. 89,.72,.65,-62,.58,.?6,.,b,.Si,.QB,.QS,.QZ,.bil

92
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NATA

DATA

NATA

DATA

(TBT2(J) 4y J=1,12)/

007 3080907l 07)9e€7yabUyeb2yeS5ByaSUyeCl,yaliB,y,047/

Ce0LuUlEHD,
1.50C%5E+ud,
S«50C3uE+Jl,

(AAAL () ,J=1,22)/

J¢3002T7400,
2.0.0MJE+0Y,
1.3;0}0?;”2,

S.CLCCCE+DT,
2.SCUTLE*CY,

7.53546E+730,
3..JOCLE+NY,

Coagel779e257).52947090779163591422920l4092.57/

9,58R032-32,
1.,56880E~-C1,
1098.JUE‘J17
1.8012¢E5-21,
2.07132£-0G1,
1.8774L32-31,
l.688318-31,
1.88203E-41,
L,3L93)z2-231,
1.8777JE-21,
L,3362,E-71,
1.8703uz-31,

Le6G1335-21,
1-863746-01,
Le£2.30E-J1,
1.,85993z-31,
He66723cE-01,
10857245‘)1'
“075141;‘411
1-853“&5‘91,
Le800932~01,
1.85123c~-01,
L.9C01Cz-11,
1.845602-J1,

(AAA2(J) 4 J=1,46C) /

1.176797=-01,
10638?Jr-a1,
1.98¢€732-91,
1.6.8317=-u1,
KD IFTATIVESE VD O
1.L5€1)=~-"1,
2.5747)F=01,
1.7L8L37="1,
J.972f1==01,
1.2852)7~-01,
b.,1704)5=31,
1.2196)7-01,

(AMB2(JYyJ=EL1y12 ) /

“0336.)2“91'
101?58’r‘01,
LoW300)7=C1,
1.1626c-01,
Q.%QBEJi-Ql,
l.40404)E-01,
4Ls57513c=01,
101312]5-41,
4,6232J7=-"1,
1012&31?‘01’
4,719307=91,
1.JC8.0E~-.1,

DATA (371(J) ,J=1,39) 7

B NN E WO

"DATA

A AALDDNOUNE N

Uo ’
S«U0LulR+00,
1.4u00)u=+21,
2.6U.00CE+01,
Co '
1.509¢1E+ DU,
8.,00C002E+0¢(,
2200 JuE+D,

1.C0.03E+)0,
6.71"0uE=12,
1.16723%+1].,
1.6693JE+4C,
7.07CJQE‘01,
2.6091)IJE=01,
1.16.938+0u,
1.,6681E+30,
LoW7.)0E=0J1,
Loe4BCJCE=-IL,
1.14900E+07,
1.66L7uE+02,

1.3.C0005+50,
6477CCUT LU,
1.6CC0507+71,
3.95C00E+31,
2¢50C 0 1E=T1,
20,0025 +CC,
1.JiC0uE+GY,
2.6.0C07+01,

(882(J)»J=1,9%)/

4eQ427JT-0C1,
1.99L01F=21,
1.2307JE+07,
1.7225]E+ut,
5.37539=-01,
T.11023E=01,
1.27G00%+00,
1.,72029C+2¢C,
Lo314L4GJS-01,
“.TZQUJC-OI,
1.28L0GIE+00,
1.712C05+08,

1.12187€E-31,
1.50632F=01,
1.9837°c-dl,
1.,21167€-01,
2.,81632E-31,
1.%1427€-01,
2.28L3 .F=01,
8.%873¢E'J2,
3.52021F=11,
7.6220%€-0¢,
3.7826_E-21,
65.72C3C%-02,

3.9125.E=-01,
6.2740E=d2,
3.99060E=-01,
5.9682.F=-172y
4. Cu37CE=ul,
5.812?uE-32,
bel(96CE~-01,
S.C7820E=02,
“01“9345‘319
5.26U2F=0Cy
“0?2560E‘01,
5.15L).E-0¢,

2.77C0.E+00,
ReT . 0.,0E+0
1.8°03CE+01,
3.5.3J]JCE+1,
S.,°J0CE=-0CY,
307CSUQE’07,
1.2500uLE+01,
3,000J0€£+01,

106“39:5‘01,
Le52L10E-C1,
1.410J0LE40¢,
1.76L0.E+U.y
L,1965CE-01,
S.L36)LE=01,
1 LUS00E+Q.,
1,7€202E+0",
LeSE8UIE-C1,
4.5717CE=01,
1.7820.E407,
1.7563uE+0Cy

3

1.29,77E=J1,
1,394 2. E=J1,
1.9552LE-J1,
9,587 LE~)2,
2.5598.5=J01,
6,250..E-02,
2.8832 -1,
QQSQLJ\E'JZ’
JeN53 ,LE=21,
J.756U.E~J2,
3.21971E=31,
2.918C{E=-22,

1,317 E=JY,
2.4937° . E~)2,
2,3577.E=01,
2e2L2.1C=-02,
Je3937.F=Ul,
2o 732 LE=D2,
3.433ELF=ul,
1.361..E=02,
Jeuh2Cic=il,
10?32:CE°J2,
3.5151LE=31,
1.,476.{E-02,

J.000.CE+DT,
1odnJGCE*31y
2.0 00LE®NL,
L.JGUCLE+TL,
Te5'0L(E=JY,
h.dd&C.E*OC,
1.4903°LE+21L,
J.5N0_LE+T],

4429007 E-32y
6.670C.E=J1,
1.485., E+10,
1.317.. E+00,
3.234LIE-ul,
6.8h1 .FE=N1,
1e48u 'CE®IT,
1.8C6C0c+00,
be3.2L7E-01,
7.2062(E=31,
1.467.TE+D],
1.7997CE+0Jy

1.00630E+M4,
4,C09 CE+u1,

10“371(E‘017
1.15,30F=31,
1.QQBQL£-01,
?.335.4E=-N2,
2.2L743E=01,
Le302°1ME=-N?,
2.“96&(5-01;
2.8007CE=J2,
20“57“[6'01,
2¢1530CE-G2,
2.5587"E~-U1,
1.45320E=-02/

2.59620t-31,
1.107".8=22,
2.6197 k-1,
2,707 CE=T 3,
PeRA3L(C-T1,
70203:35'07,
2.65210E-01,
iaiiﬁ,CE-039
c,8632LE=ul,
bedANGLF-C2,
2.6%049LE-C1,
2¢03°0LE=0 Y/

“00033;5*039
1,220 "E+0 Y,
2+27u"CE+2 L,

1,0000CE+3",
€.05C.CE*ODT,
1.80L°CF+01,
4o.CJIG.GE+01/

1,777 3CE~-u3,
¢, ?72GCLE-014,
1.594L20E+52,
1,8353CE+07,
2.693J0E-01,
Q,79G3CE-01,
1.592.CE+L",
1,8323(E+0",
L,272"0E-CY,
9.f350NE=-21,
1.5820uE+u,
1.8237CE+0C,
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Y
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NounE W

DATA

1,167 005-31,
4e56703E=01,
1012330540,
1t.6660)Z+30,
2,47 (22-11,
7.967u0c-11,
1.086005+79C,
NATA
1.6461339%8+8(,
1.96290E£-71,
2.265,515-11,
1,0380:E+%0,
1.61.0074 )y,
1-6““}JE-319
2e7370QE~U1
go&liGJE'diy
1,57920c+110,
1,”247y3E=-C1,
1.3072:02-J1,
845272%E=1,
105??UUE*J)3
G4GF50iE=-d2,
1.485,08-11,
7e2h%ucE~-dl,
1.64513004132,
8,22.J)C0c=42,
1017.J3£'J1'

S.i?.OﬁE-?l,
1.37.00E+10,
7Te12.37%E=02,
9.,82:u0c=-92,
50173QU€'01'
1.28R30F+77,
6.2L"02E=22,
Belfo0IE-J2,
4be39T0GCE=71,
1.203905+10,
5.56C0,E=-02,
7e?270305=02,
J«TLHCTE=-D],
1.12707°E+ 3L,
“098“036-02'
6.9LL00E=J2,

3.226005-91,
§.J980jC=N1,
1.258C05+00,
1.7:2035+00,
2.4907 1E="1,
4, 62501501,
1.191,)F+rQ,

(832(J),J=C%F,4195) /

1.EBELIE+ 1],
2.1 (02C=ul,
3.157 J7=ul,
1.19003)5+.0,
1.87203Z+CC,
1,71000E=-L 1,
J.2L44097=-"1,
1.127005+00,
+ E4NQC,T4+04,
1.22033%~-01,
2.429006=-01,
1.ulEn)I400,
1.60C00JC+00C,
10Jeiid=-0%,
1:3:[91:'01’
3.8L3C1c=-121,
1.547°.0C+50
8.61C.)5=02,
1.4200)c=C1,

(882(J) 9yJ=191,285)/

7.69004C=)1,
1.L78.0F4+03,
702}0035‘“2’
1.186u)%=31,
b.55LNJF=D},
1.6710)5¢350,
6.300u1Z=02,
9.9°'(C¢lc-C2,
5.?71632%-d1,
143290J5+00,
5.86200)¢=0G2,
5,3803%c-02,
L.32%C02°-01,
1.252035+0u,
5.330C12=N2,
7Te2500)Z=u2,

3.435032€-01,
60171065°01’
1.365537E+C 7,
1.7499CE+1 2,
ZO’rJJJE‘Cip
SQQQBJGE'Cly
1.3263°E+0C,

1.737J0E+82,
2.1771(F=-11,
5.2630.€-31,
1.202¢63E+C 0,
1.722).E+37,
1.97€93,E=-71,
L6 5.,0£-01,
1.26L17CE+9 7,
107?%035‘5(,
1.342033F=41,
J.LLB6J.E-01,
1.1320)E+Q,
10663G"E’QCp
10&GSQEE°01'
2.62707E-01,
1.:220.240C,
10‘21;:E’Gf’
609-03]6'62’
2elS0ucE=01,

9, AT GE=01,
L.5620LE+0F,
7.56C0"F=0¢c,
1.6“70]5‘01,
8.,0CCOCE-014,
1.503c0E+uly
6.,5Lul'€=(¢,
1.380960E-01,
Te.h)ZE-T1,
1432395407,
5.67601E=02,
1,153, E-41,
6.2 °NN2E-Q1,
1.37%20.E+401,
SeuBJULE=02,
9.,90400E~-0C,

T,21C00E=31y 4F2C0IE-ULy 5.5:0G0E-02,

1.0L200°+0C,
L.54000E-22,

1.1%100€C+00,
L.54000%~C2,

DATA (BR2(J) «J=28%y39 )/

5.65.01E=32,
2079900E‘Q1,
QO61“035-01’
3.8400E=12,
L.6CLCO00E=-22,
2.18(005‘31’
8.26400E=11,

6.4B0JIE=C2,
3.812C3==0G1,
1.118737430,
J.9200r0%=-02,
5.6uC00E=12,
2.99053”-01,
qoﬂ?CdjE'Ol,

1.70LCuE2CL,
kosbﬁOGE'OZQ

84R2LOCE=N2,
4.880J)CE-3J1,
1.,2345.E+0 .,
Lol uld.E=1cy
6.70L003E=22,
305830&5'01,
1.159%0€+00C,
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3.724CCE=01,
74310 .TE=01,
1.44 GCE+DD,
1.7077CE+u7,
2.360.(E-u1,
7.)37£f5-61,
1.41.TCE+J0,

1.78.°CE+,,
2.36° 1" E=11,
6.35.J:F'a1,
1.3R1 :TE+Y,
1.77CC E+I0,
2.03¢ "FE-)1,
5.7229.E=J1,
1.1 TFE43,,
1.753" E+iG,
1.467°CE=21,
IOOSSAJ\.E-Jij
1.2L6,7E+0],
1.7217°.F 470,
1,150 Ek=JY,
3.5361.5=uly
1.162 ., €43,
1.6925.E+17,
3,10, iCF=22,
2.78. ..E=J%,

1.028(0°€+99,
1.6L970F+,73,
84U "(E=-C2)y
2,249 1TE=J1,
9,244 7E=11,
1.6332 2407,
6.9 0 0F=32,
1,850 E=ul,
B.2%20".E=N1,
1543 S¢) i,
6.00CC(E=J2,
1,5%6CCE-91,
?7,383°C0E-11,
1.481 :F+10,
5.2070L5-02,
1.,3109C0E-0Y,
De5630 JLE~D1,
1.4377.E430,
4eGJ33NE=-02,

1.148IcvF=31,
S.89RA7CEkE=11,
1.,359.0F+30,
b.ilu‘.E-OZ,
8.90uulE=y2y
Le822,7E=-31,
1.235?LE*03’

Lo UOILICE-01,
QOQZSFCE‘nI,
1.566MEF+30,
1.,8190LE+u .,
302930QE’01,
9,082.CE-N1,
1.5L273E+2 5/

1.81009EF407,
2, €727 GE=-]1,
83.,€30"9CE-C1,

‘1.523;5F40?,

1,795 GE+J 35,
c.2012°E-01,
847 JE=-"14,
1.486:0E4+07,
1.784.GE+0 7,
1,5993.fF=-G1,
€.€674°CE-21,
1 Lu9tIE+Ny,
1.7€6C0.0E+3 .
1,277 j0E=01,
SsU5717E-01,
1.32100F 400,
1.735.7€E4+5,
1.20000E=-31,
“Ouid;uE'Ui,

1.2239CE+0C .,
1,708 LE+y ",
8. 4EGICLE-D2,
J.6645,E~-C1,
1.131.0E+3 .,
1.6630u5’ 07,
70204.UE'02)
300719CE'01,
17020 F2J0, -
1.617.0F+07,
€s43ICO0E-T23y
2.€63U10E=-C1,
S.L6700E-VY,
1.567.0E+0:,
SQEggiﬂE'BZ,
241907 E=-03,
8.€61"0CE-u1l,
1.516:.0F+,"°,
S.080°CE=-Q2/

10895d3£'01’
7.87470E="1,
1.463:0E+G 7,
4420J)°0E-J2,
1.42770E=01,
GOSZQJvF‘UI,
1,25220€E4C 4,
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3e3304%E=T2,
3.33¢0CE-02,
1.71400E~014y
TeLL23uE-CY,
2.86700=~132,
JTe3L.03E=02y
1.320636"019
bei3.ycE~Jl,
2.50 JO)E-GZ’
24R2u586E=22,
1.06443E-31,
“QBSQQJE"Jiy

303&1(8\}3’0?,
L,37CC3F~-12,
203723.}:“:19
8:52{r3~=-"1,
24850005 ~12,
3.85C08%~02,
1.9 LLIE=~31,
7.430037=-01,
245uC332-32,
3,38C01°-02,
1.477005=-01,
beGACCU==-31,

3e3G.0LE-C2,
He560ME-02,
3. .8C005~C1,
S.R165JcK=-01,
2.800LE~G2,
L,1,070E=32,
2.52007°E~-01,
B.48u"0E-1Y,
2,50505E-32,
3.7€00°E-D7,
1.9273i&-01,
70293305"819

Jeb2uiCE=-02,
7170 00E=02,
34881 3LE~G1,
11237 E+Ju,
26837 CE~y2y
508]“5(5"529
3618y lE~11y
9.9660 .. E=-01,
2.5.3° . E=J2,
447335 ':LE"JZ,
2.47950E-21,
8473U05.E-01,

3,577 268-92,
1.15230€E-91,
SoiiagGuE’gly
1.246120E+0 .
CeSRITE-C2,
3L 05J3E=-02,
4.57500E-01,
1,118 €E+0 .,
2.615°0E-N2,
702‘0,} sz'b"E’
3.€63070E-01,
1.0010uE40.L7/

BATA (7TBVL(J) 4Jd=i,8) /

1709 M NC 98B0 0001200 .2691403074916060704492000700924030047
DATA (TBV2(J),J4=1,8) /

1e089a119e239elb594a51 9448y 8249432 /

END

SUBROUTINZ ATMOS (Z,TM,SIGMA,PHO,THETALZNELTA,CA ANMU K

R R R Y Y Y Y Y T PR TR Y S e

CALLING STQUENCK
CALL ATMOS(Z3TMySIGMA - RHO,THETAZNSLYA;CA;AMU,K)

r4

T™
STGMA
RHQ
THETA
NELTA
CA
AMU

GEOMETRIC ALTITUDBE (FT)

MOLECULAR SCALE TEMPIRATURE (GEGRERS RANKIN)
RATIC OF OJFNSTITY 70O THAT AT SEA LEVEL
DENSYTY L3=SEC*¥2-FT*¥¥(~4) CR SLURS-FT#*3
RATIO OF TEMP=RATURS TQ THAT AT SEA LEVEL
RATIO OF PRESSURE TO THAT AT SEA LEVEL

SPEEN OF SQUNN (FI/SEM)

VISCOSTITY COZFFICIENT (LB-SEC-FT**2)

LA S U T ¥ S S I T B { )

K NORMAL,

ALTITUDE
ALTITUDF
FLOATING

ALTITUOC

GREATER THAN 3CCCI0,
NEGATTVE,

PCINT QVERFLOH,
GREATES THAN 370000,

FToy

Ui un
N & W=

FTe AND FLOAYTING POINT OVERFL.

ATMOS IS CALLED HBY RIYUTIMES TLAST1 ANC THERM

TR Y R R R N I LI LY LY R N R G R g e S S v
DIMENSION HEQIM2(11),TH4B054L) 4SIGMABI11) ALM(L D)
DATA(HPRIMEB(L)yT=L11)/

OO0 NOON000O0NIO000O0

i e 9 36:399239; SZQZCQQQ?’ 15&199.“‘8‘3’
2 173884,510, 25%18¢€.350, 2G%eg75,5ar, Inbugnc 190,
3 52493L, 380, 557742.797, €5€167,.980/
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10

29

~
b

La

81

g0

110

DATA(TMB(T)yi=1,11)/

A I\ o

DATA(SIGHMAB(TI) 4 I=1,11)/
1,6ru4370E 04, 2,4706S58E~11,

518,688, ¥r3,4338, 383,988, 508.788,
508,788, 293.1838, 29R.188, 45,188
238€.189, 25€6.188, 283€.188/

3.2665751E-12, 1.2117R7CE-0T,

1
2 548b77311E-C4, 5,3477311E~"4, 1,7CSZ8595E~2€, 9,3921519c=~08,

3 7.7658593F-12, 5.53248775-10,
DATACALM(TI) yI=1,14)/

2+5726T71E-1G/

1 -uv,73350616, . s 0.001645G2, 3, ’
¢ =0,.9246883, 4. y O0.0021C4%€, (.331.9728G,
3 beluB48ELS, 100274321, Ce0i3192524/

DATA Q@ / 3.718744176 / 4, RE

i S /7 198.72 / 4y P2
2 AMUZ /7 3.73729982-C7/ HRHOZ
3 TMZ 7 518,638 /

K=1

K=3

GO TO 113

IF (Z.6T.?3C2:.n, §=K¢t
HPRIM=(RE/(RE+/ 3 o - |

D0 40 M=1,11

IF (HPRIM-HPIINI(M)) 50464413
CONTINUZ

M=12

MzH=-1

17 (ALMIMY)Y 75,83,7u

TM=TM3 (M) + ALM (M) ¥ (BEERTM-HPRIMB(M))

/ 2.9855G21E 17 /,
/ 211€.2 /y
/ 0.3r237¢€9 /y

SIGMA=FEXP( (1, +(Q/ALM(M))) ¥ (ALCG(TMR (M) /TN)) Y XSIGMAR (M)

60 TO 9¢
THM=TMR (™)

SIGMA=SIGMAB (M) ¥*EXP (= (¥ (HPRIM-HFERIVE (M) )) /TMR(M))

RHO=RHOZ*SIGMA
THETA=TM/TNMZ
OELTA=SIGMA®THZTA
CA=L9, u2177%SOT(TH)

AMU=BMUZ¥SQRT (THETA®#T) # ( (TMZ+S) /(TH+S))

FFTURN
£ND
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SUBROUTINE MACUSE {7,XAL,XA2,XA2,XA4L4XAS,XAG, IF,2R)

LEEES R WY %P "O!"’.‘"-"U‘I"‘.‘.‘l“!“!'ll.l\""l“!‘I‘.“!I'#"““
SURPQUTINE MACURT FXSCUTES AN N UIMENSIONAL TARLE LOOK UP

WITH FXTRAFOLATICN IF OFSIOocD

CALLING SEOUZNCE-

CALL MATUPT(Z,XA14XA2, A3, XAk, XAG,)XAG,yIF,2R)
WHERE
TE = ERRMR COOE
0 INTEFPOLATION SUCCESSFUL.
-1 0P 1 ARGUMENT EXCFENS LIMITS OF THE TARLF
2 INDEFENDENT VARIABLES MOT IN ASCENCING OTDER

20 1)Y= F(Xi,Y1,21) 217 = FIX3,Y1,21)
I( 2¥= FX1,Y1,722) 2(14)= F(X3,Y1,22)
7TC 3)= FiX1,Y2,71) 2(15)= F(X3,Y2y21)
7{ W)= F¥X1,Y2,22) 2{16)= ©(X3,Y2,22)
20 5)= F(X{i,Y3,21) 2(17)= F(X34Y2,21)
I0 A= F(XL4Y3,22) Z(18)= F(X3,Y3,22)
20 7)= F(X2,Y4,20) 2(19)= F(Xl4,Y1,71)
2( 8)= FIX2,Y1,422) 2(20)= F(Xlb,yY1,72)
2( Q)= F(X2,Y2,721) 2(21)= F(Xb,yY2,21)
Z(10)= F(X2,Y2,22) 2(22)= F(XU,Y2,72)
2011)= F(X2,Y3,71) 2(23)= F(XL,yv2y21)
2(12¥=2 F(X2,Y3,22) 2(2b)= F(Yh,yY3,22)

OO IHIOOOINIOOOODOONDIOHIDHITOOITOOOOOHO

A2 E RIS A EE I AL RS RS R A R X S Y RS R R YRR RS FR RSV ERY R FENSR RSN Y W

COMMON/TSLKUP/LLWLF M3 (R) 43X (L") 4NNEX
OTMENSION (L), XA(6)y NS(5)Y, RJ(TI2), RATIO(S), NGPOUP(S5),
1ITOT (%)
IE=0
NEXTR=NNEX
XA(1)=XAL
XA(2)=XA2
XA(3)=XA3
XA(L)=XAL
XA(5)=xAS
XA(6)=XAH
00 16 I=1,LF
L2=Li+NA(T)~2
FOUND=0,
00 5C J=L1,L2
S TF (X(J).GT.X(J=~2)) GN TO 10O
TE=2
RETUPN
13 IF (FOUNNJNE.C.Y GC TO 51
IF (XA(T)=X(J=1)) 2(y56,50C
21 IF (J.GTWLL) GO TO W3]
IF (NEXTR.ZQe") bLQ TO 30
FOUND=1,
NS(I)=L1-4
O TO0 5.
30 IE==1
RETURN
L FOUNN=1,

97
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NS(I)=J=~2
6. CONTINUZ
IF (FOUND) 9,,61,9C
IF (XA(T)=X(L2)) 3043.,76
IF (NLXT®.NF..) GC TO 87
Ie=1
RETURHN
NS(I)=L2~-1
Li=L2+2
NTONTINUE
IN NS(I) IS THE SUPSCRIPT IN THE ARRAY X SUCH THAT
XINS(T)) IS LESS THAN THE ITH ARGUMENT
on 11y I=t,LF
K=NT(T)
RATIOC(IY=(XA(T)=X(K))/Z (X(K+1)=-X(K)) ,
C IV PATIO(L) TS THE RATIO OF X ARG, RATIO(2)=RATIO OF Y ETN,
110 CONTTIMUE
NGPOUP (1) =NS (1)
NSUM=MA4 (1)
N0 12. I=2,LF
NGROUP(I)=NS(I)=-NSUM
NSUM=HNSUM+NA (D)
2" CONTINUE
IN NGROUP(T) IS THF SU3SCRIPT OF THF TTH VARIAPLE SUCH
THAT THE TASLE VALUE IS LFSS THAN THE CORRZSPCNDING ARGUMENT
THIS IS IN TEoMS OF TuIS VARTAPLE ONLY -
FOR A FUNCTION OF DEGREE ND WE NEENZ**(NO=1) VALUES
FROM THE Z ARPAY
ITGV (LF) =1
00 13, I=2,LF
J=LF=T¢!
ITOT(UI=ITCT(Jr1)¥NAC(I+1)
1730 GONJTTIMUE
C IN ITOT(J) IS THE MUMRER CF LCCATIONS IN THE Z ARRAY NFEDFOD TC CH
C THE JTH SU3SCeIePT
KF=2%¥%_F
MRN==2
DO 170 I=1,XF,2
IFIRST=1
MH=MH+2
DO 16U J=1,LF
MM=2¥* (J=1)
IF (AND(MM,MW),EN.Cs) GO TO 140
IMON=NGRQUP (J) +1
GO TO 151
140 IMON=MNGROUP (J)
18571 IFIRST=IFIRST+(IMON=-1Y*ITOT(N)
160 L ONTINUS
ISEC=IFIRST+ITOT (1)
WJ(I)=Z(IFIRST)
WJ(TI+1)=2(ISEC)
170 CONTINUE
DO 180 I=1,LF
KF=KF/2
Do 18n J=1,KF

~n
s bl

[P I & ¥}

OO D@

OO0

9s
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183 HJ(JY=RWJ(2FD-1) + (HI(2*¥J) -HJ(2*%J=1)) *RATIO()
7R=KJ{1)
RFTUPN
EMD
SURRQUTINE SzZTUP (X JNEXTP,MDZNALGNAZ NAZZNALGNASLZNAR)
c 2 R R Ry L Y I I I Y R Y
C SURRQUTINE SETUF SETS U4P APRAYS FOR TABLE LOOK UP
G
c CALLING SEQUENCE=-
C
c CALL SETUP(XsNEXTR4ND,NA1,NA2,NA3,NALJNAG ;NAR)
c WHERE
c X = TABLF OF INDFPENDENT VARTIARLES
C NEXTR= § NO EXTRAPCLATICN
c = 1 EXTRAPOLATICN IS DESIRED
c ND = NUMAER OF DIMENSICNS (WHFN Z=F(X,Y) 4 ND=3)
c NAET = NO, OF VALUES FOR FIRST INCEPEMOENT VARIARLE
Cc NA2 = NO. OF VALUFS FOR SECOND INCEPENDENT VARTARLE
c NA3 = MO, OF VALUES FCR TEHIRND TINCEPENDENT VARTIARLE
c NAL = HNQO. OF VALUFS FOR FCURTH IMCEIPENDOENT YARTARLE
C NAS = NO, OF VALUES FOR FIFTH INTEPENDENT VARIARLE
C NAG6 = NO. CF VALUES FCR SIXTH TINCEPEMDENT VARIARLE
(C: AR RS ST RS RS R ERERER RIS SRR R RS SRR R R R R R R RS SRR DR RS IR SR R R RS RS R RS Y
COMMON/TBLKUR/L14LF yNA (D) o XL {10 D) g NANEY
DIMENSION X(1), XA (6)y NS(5), WJI(322), RATIO(5), NGROUP(S5),
1IT07T(5)
No 41t I=1,NA}
19 XL(I)=X(I)
K=NA1+1
L=NAL1+NA2
DO 12 I=X,L
12 XL(D) =X(T)
NNEX=MEXTR
NA(1)=NAL
NA(2)=NA?2
NA(3)Y=NA3
NA(4)=NAYL
NA(5)=NAS
NA(B) =NAB
Li=2
LF=ND~-1
RETURN
END

99
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Appendix E

A Sample Problem

Input Data

Visibility at sca level

Water vaper pressure at sea level
Albedo

Haze layer above sea level

Vericles x,Y,z Position
{ft)
1 x 3000
0
z 2000
2 2000
100
1500
3 1000
100
1500
4 1000
0
20000
5 1500
: 1000
8000
Vulncrabilities
Thermal 10 cal/cn2
Overpressure 3 psi
Dynamic pressure 5 psi
Height of ground above
sea level 1000 ft
Bursts x,y,z Position (ft)
)\ x 11,000
0
z 35,000
2 Targeted

(spe = 800 ft)

100

10 mi.
8 mmHg
.20
10,000 ft.
x,yY,2 Velocity Components
(ft/sec)
Vx 6000
Vx 100
v 0
z
600
0
0
400
0
-500
800
0
0
1000
0
0
Yield kT  Time (sec) 3
600 0.0 é
10 15.0

RSO i VIS4 R ety
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crem——— VZHICLF INITIAL COMCITICNS=====~=

Qutprt Listing
VEHICLE PCSITION(XyY2)(FT)
i Siurell )¢l 2:°%4¢1)
2 2.0%0.0 . 107e0n i5l0u40°
- 3 lJU\‘0~ 1Luclu 150;.3.
L 137,30 el 2.32.043
5 1850t 1,Uuel. Billedv

INPUT PARAMCTERAC=-
NUMCSR QF A''gsTS ENTEPEN IS
VISIAILITY AT STA LEVEL(MIL) IS 1
ALBLIQ (GRO!NC ITFLECTANGE) IS
H20 VAPOR PAZSSURF (SFA LIVEL,MMHG)
STANDACL ATHMOSPYZPE SPECIFIFN

VENICLE PCSITION(X,Y ) (FT)

caes=W]EAPON PUQST EQSITIONSD RY UYSFlenase
NUCLZAR NETINATION COORPINATCS ARc 11.

GROUNL HEICGHT A230V- SEA LIVEL= 16).
INCFEMcNTAL TIvT OF RURPST= -.

SEAREPURNPR YR INE NS INB S AP RURBLANI BN BISNERR S PPIIYS
Tl I I I T T T N T Y Y Y P Y YT YV S PR P Y

LOSSES FRCM RURST NUMBER 1 ( 611,PKT)

FYZSIYRSFERSES SRR RS RS SR AL A RS AL RS R R L X L X
Y Y YIRS RRSP IR RS RS RS ESR LR RS R RS2 X X 2 3

101

VELOCITY(X,Y,2)

6CC.C.
6lCalJ
LCC403
BeCeC?
1Jutl)

2
Je 'l
2%

8eu”

wea===VEMICLT POSTTTCNS AT TTIME GF AURST NUMPER

3340,
0 FT
0 SEC

) QIR
-C..0
ol oti
-OO'L
=Lslb

{oncana

LY Y X R W R LR N ¥ X P RN YL E L L R 2 2 X X L X B R '3 X T R B J02 8 X 2 2 X X X _E L K B R K X K X J

“00,

(FT/SFCR)
-0
-Leu"

‘ngobw

-vedl

L WY

VELOCTTY(X,Y,7) (FT/7SEC)H
1 I Lo’ woul ZoviuefNy Bloevd 1J0.CC ‘:ovn
2 2ua'-3: 1'b0;~ 15.'031 66000‘ '605{ -“OUJ
3 15uce0”7 1.3e0f 15,4447 20,0V w0, .,y '5JGOJ%
4 1:.0.9¢ Jeue 28)duaed)d BuLeul “-Cotl '504%
s 165C(,0¢C 15.2¢C 300 'eJd 10uG.CO *iLely =Neull

35003543

W
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f RESULTS FROM THERMAL SFFECTS COMPUTATIONS
7 THERMAL EFFECTS PARAMETE®S FOR VEHICLE NUM7ER 1
o
“5 UNATTENUATED FLYTHCE (CAL/CM2) 1245574
g
Y - HEIGHT CF 3U°ST (FY) 359.0400 3"
. SLANT RANSE AT TIMF GF PZAK RANTANT POWSR (MI.) €.4193
3 TIME TN FIAK RAQIANT POWEP ‘SEC) ‘hbab
R DIREGT FRIS FIFLY FLUSNCE (CAL/CM2) 84913
T
L OIRWCT MCIMALLY INCICENT FLUENCI(CAL/CM2) 7.8778
B (NOR¥AL TO A PLANF HORIZGNTAL RECZIIVED)
B THERMAL EFFSCT5 PASAMETERS FOR VEYICLE MUMRED 2
. ..
B
- UNATTENUATED FLUENCE (CAL/CM2) 12,7364
g )
\ b HZIGHT CF RURST (FT) 35u.0e0001
i T
5 SLANT RANGE AT TIME OF PEAK PANIANT POWES (MT,) €.5568
< TIME TO FSAK SACIANT POWER (SEQ) o bl
i
v i
B DIREAT FFEEZ FIELD FLUSNCE (CAL/AM2) 745485
OIRECT NCRMALLY INCICENT FLUENCE (CAL/CMR2) 7.3044

(NORMAL 7O A PLANE HORIZONTAL RZICEIVET)

THERMAL EFFECTS FASAMETERS FOR VEHWICLE NUMQER 3

UNATTENUATED FLUENCE (CAL/CM2) 11,6936
MEIGHT CF 3URST (FT) 350.040007
SLANT RANGE AT TIME OF PEAX RANIANT POWER (MI,) 646522
TIME TO FEAK SANIANT POWE® (SEC) bbby

LA NIRENT FFZE FIELD FLUENCE (CAL/CM2) 7.2296
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CISCCT NCAMALLY INCIDEINT FLUEMCZ (CAL/CM2) 6e9041L
(NOR4AL TO A SLANL HOPTIZOMTAL RECZIVER)

ee==ULHICLE NUM2TF 4 HAS 2SN SUQUECTED TC THLRMAL FLUENCE OF

47,7346L(CAL/CM?) AMJ UAS ATEN PEMQVED FPOM THE FROGRM
ee==THE THERMAL JULNFEARILITY LEVEL IS 13436Lu (CAL/CMZ)

THERMAL FFFECTS FARAMITESS FOR VEHICLZS MUMOER &

UMATTEMUATZC FLUENCE (CAL/CM2) 45,3626
HFIGHT CF 2URST (FT) 3E0CGo00ul
SLAMT RANLZ AT TIME OF PZAK RANIANT POHER (MI,) 2.3775
TIML TO TIAX RADIANT POWzZ2 (SFC) YA
JIRECT FFEE FIELD FLUZNCE (CAL/CM2) 42,7844
JIPECT NCoA4ALLY IMCIOENT FLUTNCZ{CEL/OM2) 26,8297

(NDRMAL TO A PLANF HOFI7ONTAL RECZIVE?)
e=«=VEHICLE NNIMAZI® & AA3 BCEIN SURJECTED TO THERMAL FLUENCE AF

15, 1417 (CAL/OM2) AMD HAS 99EN RFMOVED FFOM THE FROGRAM
ce=eTHE THEIMAL VULNERAAILITY LIVSL IS5 iveJ 70 (CAL/CM2)

THERMAL FFFECTS PAPAMETERS FOR VEHICLE NUM3ER 5

UNATTENUETED FLUSNGE (CAL/CM2) 17.768"
HEIGHT OF NURST (FT) 35.0Ce3000
SLANT RANGE AT TIME OF PEAK RADIANT PGWER (MI,) 5.3969
TIME TO FEAK RADTANT POWIR (SEC) o bbyh
DIREST FRZE FISLD FLUENCE (CAL/CM2) 15,1413
DIRENT NCAMALLY IEGIDENT FLUINCI (CAL/TM2) 14,3466

(NORMAL TN A FLANF HORIZONTAL RECEIVE™)
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RESULTS FRGM 3LAST ZFFFCTS COMFUTATICNS

SHOCK FROMT SAAMETESS AT INTERCTAT 0 VEHAYCLE NuMere
VZIHICLZ POSITION AT SHOCK INTVERCEPT(X,Y,2) 21259,

PECEIVIR HEIGHT AT SHOTX INTERCEPRPT (FT)
SLANT RANGF AT SHTCK INTZRCERT (FT)
TIME OF SHOCK ARRIVAL (SEC)
SHOCK FECNT VFLOSITY (FT/SEC)
PEAK DYNAMIC FRESSUPE (PSID)
PEAK OVERPRESSUSE (PSI)
PEAK MATERIAL VELOCITY (FT/SZC)
PEAK OVERDFNSITY (SLUGS/FT®##3)
PASITIVe JURATION OF OVZIRIENSITY (SEC)
POSITIVE DBUPATION QVEFPRESSURE (SEC)

POSITIV® NURATION MATERIAL VELOCITY (SEC)

SHOCK FRONT CARAMITERS AT INTCRCEPT OF VEHICLE NUMRER
VEHICLF POSTITION AT SHMCCK INTERCEFT(X,yY,2) 232€8.

RECEIVER BEIGHT AT SHOGK INTERCECT (FT)
SLANT ANGE AT SHOCK INTERCEPT (FT)
TIME OF SHOCKX AFRIVAL (S=C)
SHOCK FRONT VILOCITY (FT/<]EQ)
PSAK DYNAMIC PPISSURE (PSI)
PEAK OVERPRESSURT (PSI)
PEAK MATERIAL VILOCITY (FT/S=C)

PEAK OVEFUENSITY (SLUGS/FT¥*3)

»

4
e

3043,

ZQGOOQJUF’

34691.557R

2

15,2398

1139,9113

U214
« 99085
51,2153
a3
2.7949
2484304

2.4396

133.

1€00.0J0¢

34758, 469)

15,1488

1141.5747

9213
« 9156
50,7852

0G24
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PCSITIVE DU2ATION OF OVERNENSITY (SEC) 2e7743
s PASTITIVF DUSATION AVEPPRESSUR:Z (SEC) 24829,
PCSITIVE DURATIOM MATERIAL VZLOTITY (SEC) 2.3841

~===YIZHICLS NUMRZP 7 HAS INTEZRCEPTED

o GROULND LEVEL AND HAS PEZIN REIVOVaD.
------ VEHICLE PNASITIONS AT TIME OF 3URST NUMRER 2evve=-
VEHICLE PCSITIOM(Y,Y,7)(FT) VELOCITY(X,Y,2) (FT/SEC)
1 12500420 15¢cueun 2J3%1.09 BCLel 130..0 -"ear
2 . 1110 402 Ligel?T 1800410 Buleln =Ll -Le3?
il ~e===HEAPCN °PURST POSITIONED BY SUSROUTINE TARPGET=-w==-
THz TARGE™ VIuICLL IS VEHICLT # 1
GROUND HEIGHT AROVI SEA LEVEL= 1us8 JF FT
INCPEMENTAL TIM® JF RURST= 15.7 <tC
BURST NFTCNATICN AT 5P3,1739FT FROM TASGET VEHTYCLE
NUCLEAR NFTONATION COOPDINATRES A°EZ 12555,8 15044€ 2195,2

NREAFR RN R IR R F I IIR R AP RY SN A IR R AR SR AR AR I PRI NE N
Ty Y Py Yy

LOSSES F2CM BURST NUMRER 2 ( 1u.CKT)

BN R BN R R PR R R R B R A R PR AR S PN SRR NP RS ARBLE B ERES
T Y Y Y Iy s I I ST RS TR

RESULTS F20™ THERMAL £FFSCTS COMPUTATIONS
ow=~VYEHICLE NUMLER 1 HAS 9ECN SURJECTED 10 THERMAL FLUENCE 0OF

1147.9266(CAL/CM) AMC HAS BEZEN REMOVED FRCA THE FROARAM
====THE THERMAL VULNESA®ILITY LZvcL IS 10sduvuu (CAL/CM2)

L]
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THERMAL ELFFZCTS FACAMTITERS FOR VYOHICOLS Ny4BEP 1

UMTTINULTEN FLYTACE (CAL/CH2)

HETGHT CF 3U3T {FT)

SLANT RAMGZ &7 TIME OF PEAK “A0IANMT POWER (MI.}
TIME TO FZA¥K FTADISNT BNAWIR (SECY

JIRECT FrIg FISLND FLUSNCE (CAL/TM2)

DIRECT NCAMALLY THEYDANT FLUSHCZ (CAL/NM2)
{NORMAL TO A CLANF HORIZOMTAL RZCIIVER)

REFLEZCTEC FLUzZNCZ (CARL/CM*®Z)

REFLECTEL + DIFSOT NOPMAL FLUENSHE (CAL/CMz)
(CoMOUTEN ONLY 1 AyR<T 3FLOH RECELIVER)

(COMPUTEC ONLY IF BURST 3CL0W RICTIVER)

"RESULTS FROM 2LAST EFFECTS COMFUTATIONS

106

12.2.3945%

32,7175

03733

Gedull

me=aYEHICLE NUMTIE 2 HAR ZEEN SUTJECTED TN THERMAL FLUSNCE
S9.BLBLH(CAL/CH2)Y AND HAS 3EEMN REMOVED FROM THZ PROGRAM
=—eeTHE THEOMAL JULNFEARTLITY LEZVZL IS luebul. (CAL/CM2)
THERMAL EFFECTS FAPAMEIToRS FOR VEHICL® NUMRER 2

UNATTENUATEN FLUERCE (CAL/CM2) €9.5182
HFIGHT QF BJURST (FT) 21¢c5,3262
SLANT RANGE AT TIME OF PZAK RANIANT PCWER (MI.) 082
TIME TO FEAK RAODIANT POUWSR {SELC) 21266
OIRFCT FFct FIELTD FLUENCE (CAL/TM2) 59,8484
DIRECT NCOMALLY INCTDENT FLUENCEZ(CALZM2Y 19,31%6
(NOPMAL TO A SLANEL HORIZONTAL REZEIVER)Y

REFLECTEC FLUENCIZ (CAL/CM**2) « 664
REFLECTED + CIRICT NOOMAL FLUENCE (CAL/CM2) 6,0000
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